Google 



This is a digital copy of a book lhal w;ls preserved for general ions on library shelves before il was carefully scanned by Google as pari of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one thai was never subject 

to copy right or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often dillicull lo discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud lo partner with libraries lo digili/e public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order lo keep providing this resource, we have taken steps to 
prevent abuse by commercial panics, including placing Icchnical restrictions on automated querying. 
We also ask that you: 

+ Make n on -commercial use of the files We designed Google Book Search for use by individuals, and we request thai you use these files for 
personal, non -commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort lo Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each lile is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use. remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is slill in copyright varies from country lo country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through I lie lull lexl of 1 1 us book on I lie web 
al |_-.:. :.-.-:: / / books . qooqle . com/| 




Xtbrarv 



ottbe 



TUniversit^ of Wisconsin 




500 PLAIN ANSWERS 
TO DIRECT QUESTIONS 



ON 



STEAM, HOT WATER, VAPOR 
and VACUUM HEATING 



T 



THE SCIENCE AND PRACTICE OF HEATING EXPLAINED 
IN A SERIES OF PLAIN QUESTIONS AND ANSWERS, WITH 
TABLES, RULES AND GENERAL INFORMATION, FORMING 
A COMPLETE TEXT BOOK AND MANUAL. A HELP TO 
THE APPRENTICE AND JOURNEYMAN STEAM FITTER IN 
PREPARING FOR EXAMINATION. A REFERENCE BOOK FOR 
MASTER STEAM FITTERS, ARCHITECTS AND HEATING 

CONTRACTORS. 



BY 

ALFRED G. KING 

Author of "Practical Steam and Hot Water Heating" 
"Practical Heating Illustrated" etc. 




PROFUSELY ILLUSTRATED 



NEW YORK 

The Norman W. Henley Publishing Company 

132 NASSAU STREET 
1915 



Copyright 


1015 


^ 




BT 






THE NORMAN W. 


HENLEY PTBLISHING 


CO. 



Composition, KlectrotypinK and Prrsswork 
By MtcgowM & Slippw. NVw York. T.S.A. 



194527 -^ 05 ^1 



MAY 14 1915 
SXP 



PREFACE 



The rapid advancement in methods of heating and ventila- 
tion compel the progressive steam fitter to read and study con- 
stantly in order to keep abreast of the times and in touch with the 
latest improvements. Systems of heating are now in almost com- 
mon use which were unheard of three, five or ten years ago. 

Text books and manuals on the subject of heating written a 
few years ago are no longer up-to-date and are now of benefit to 
the steam fitter only as books of reference, descriptive of the 
history of heating up to the time of their publication, and giving 
rules, tables and formulas for reference. 

This work — in the form of brief questions and answers — is 
intended as a guide and text book for the younger, inexperienced 
fitter, and as a reference book for all fitters. All long and tedious 
discussions and descriptions formerly considered so important have 
been eliminated, and the theory and laws of heat and the various 
old and modern methods and appliances used for heating and ven- 
tilating are treated in a brief and concise manner. A sufficient 
number of illustrations, rules and tables are included to make 
the book complete for handy and ready reference. 

A. (j. KiNCt. 
February, 1915. 



C ONTENTS 

Page 

The Theory and Laws of Heat 11 

Methods of Heating 13 

Chimneys and Fuels 15 

Boilers for Heating T 23 

Boiler Trimmings and Settings 25 

Radiation 31 

Steam Heating 42 

Boiler, Radiator and Pipe Connections for Steam Heating 52 

Hot Water Heating 72 

The Two-pipe Gravity System of Hot Water Heating 75 

The Circuit System of Hot Water Heating 81 

The Overhead System of Hot Water Heating 84 

Boiler Radiator and Pipe Connections for Gravity Systems of Hot 

Water Heating 88 

Accelerated Hot Water Heating 96 

Expansion Tank Connections 109 

Domestic Hot Water Heating 116 

Valves and Air Valves 120 

Vacuum, Vapor and Vacuo- vapor Heating 133 

Mechanical Systems of Vacuum Heating 141 

Non-mechanical Vacuum Systems 148 

Vapor Systems 160 

Atmospheric and Modulating Systems 177 

Heating Greenhouses 180 

Information. Rules and Tables 186 



LIST OF ILLUSTRATIONS 

Page 

Figure 1 Plan of a square flue 15 

2 Illustrating proper height of chimney 16 

3 Smoke ascends a flue spirally 17 

4 Effective area of long, narrow flue 18 

5 Effective area of contracted flue 19 

6 Effect of soot in offset of flue .* 20 

7 Pop safety valve 25 

8 Steam gauge 26 

9 Water column and gauge 27 

10 Old style damper regulator 28 

11 Method of attaching damper chains 29 

12 A box coil 31 

13 A corner coil 32 

14 A "Harp" or miter coil 33 

15 A return bend or "Trombone" coil 34 

16 A direct-indirect radiator 35 

17 An indirect radiator 36 

18 Proper location of indirect radiator 37 

19 Method of boxing an indirect radiator 39 

20 The One-pipe method of Steam Heating 43 

21 The Relief System of Steam Heating 45 

22 The One-pipe Circuit System of Steam Heating 47 

23 The Divided-circuit System of Steam Heating 48 

24 The Two-pipe Method of Steam Heating 49 

25 The Overhead or "Mills" System of Steam Heating 50 

26 Method of bleeding a main when raised to a higher level . . 53 

27 A reducing tee tapped eccentric 55 

28 A 90 degree connection 56 

29 A 45 degree connection 56 

30 Effect of using a tee "bull-head" 57 

31 Condensation returning through a 90 degree connection. . 57 

32 Condensation return ing through a 45 degree connection . . 58 

33 Method of dripping a riser 58 

34 A swing joint 59 

35 A double swing joint 59 

36 Methods of connecting steam radiators, one-pipe 60 

37a Methods of connecting steam radiators, two-pipe 61 

37b Methods of connecting steam radiators, two-pipe 62 

37c Methods of connecting steam radiators, two-pipe 63 

38 Method of connecting steam radiators, overhead system. . . 65 

39 Method of establishing a false water-line 66 

40 Showing difference of 14" in water line 67 

41 A swing joint at bottom of riser 68 

42 Method of anchoring a riser 68 



<t 
it 

41 
14 
41 
14 
44 
44 
44 
44 
44 
44 
14 
44 
• « 
44 
4* 
44 
44 
44 
14 
It 



LIST OF ILLUSTRATIONS 

J 'age 

Figure 43 Riser supported on floor plate 09 

44 Showing steam header on boiler — Elevation 70 

45 Showing steam header on boiler — Plan 70 

46 Return header on boiler 71 

47 Method of crossing I beam with main 71 

48 The Two-pipe Gravity System of Hot Water Heating 70 

49 Branch taken from side of main 77 

50 Branch taken from main with 45 degree connection 77 

51 Double elbow used to divide main 78 

52 Method of connecting hot water risers 78 

53 Method of connecting hot water risers 79 

54 The Eureka fitting 82 

55 The Phelps Single Main Tee S3 

56 The Overhead System of Hot Water Heating 85 

57 Method of connecting branch for overhead system 86 

58 The O S fitting 88 

59 OS fittings used on drop supply risers 89 

00 Radiator connected at bottom of both ends 90 

61 Radiator connected at top and bottom of opposite ends ... 91 

62 Radiator connected top and bottom of same end 92 

63 Radiator connected for overhead system 93 

64 Sectional view of Honeywell Generator 97 

65 Generator connected to system in basement 98 

66 Generator in full operation 99 

67 The Milwaukee Heat Generator 100 

68 The Phelps Heat Retainer 101 

69 The Belknap Generator 102 

70 The B Heat Intensifier 103 

71 Method of branching from main 105 

.72 The Honeywell Tank Circulator 107 

73 Expansion tank connection — no circulation 109 

74 Expansion tank connection — circulation to tank . . 110 

75 Expansion tank connection — circulation in tank Ill 

76 Expansion tank connection — vertical for overhead system . 113 

77 Expansion tank connection — horizontal for overhead system 114 

78 Domestic hot water supply — vertical boiler 117 

79 Domestic hot water supply — horizontal boiler lis 

80 Domestic hot water supply — steam coil in boiler 119 

81 Globe valve 120 

82 Globe valve on horizontal pipe — imperfect drainage 121 

83 Gate valve 122 

84 Angle valve 123 

85 Check valves. . '. 123 

86 Gate valve with yoke 124 

87 Steam radiator valve 125 

88 Common hot water radiator valve 126 

89 Packless hot water radiator valve 127 

90 Honeywell Unique radiator val\e 128 

91 Unique valve open — sectional view 129 

92 Unique valve closed — sectional view 130 



LIST OF ILLUSTRATIONS 

Page 

Figure 93 Simplex hot water radiator valve 131 

94 Wood wheel air valve 131 

95 Hot water key air valve 131 

96 Webster motor valve on riser 141 

97 Paul Exhauster — low pressure 142 

98 Paul Exhauster — high pressure 143 

99 Paul system — down feed exhaust 144 

100 Paul system — regular high pressure 145 

101 Trane Vacuum Mercury Seal System 149 

102 Trane-Paul Air Valve 150 

103 K-M-C Vertical checks — vertical tank 151 

104 K-M-C Vertical checks — horizontal tank 152 

105 Retainer valve — K-M-C system 153 

106 Method of connecting relief valve — Gorton system 154 

107 Impulse valve — Gorton system 155 

108 Automatic relief valve — Gorton system 156 

109 Dunham air trap 157 

110 Connections to boiler and tank — Dunham system 158 

111 Pump and condenser — Bishop-Babcock-Becker system ... . 161 

112 Quintuple valve — Broomell system 162 

113 Union elbow — Broomell system 163 

114 Receiver and regulator — Broomell system 164 

115 Broomell receiver and regulator connected to system 165 

116 Receiver — Trane Vapor system 166 

117 Showing installation of Trane Vapor system 167 

118 Regulator, non-overflowing vent and traps — Vapor Regu- 
lator Co 168 

119 Method of installing atmospheric system — Vapor Regu- 
lator Co 169 

120 Ejector and condenser — Moline system 171 

121 Method of installing Moline system 172 

122 Baffler— Kriebel system 173 

123 Controller — Kriebel system 174 

124 Circulation through radiator — Kriebel system 174 

125 Installation of Kriebel system 175 

126 Method of piping a greenhouse 183 

127 Elevation of greenhouse piping system 184 



THE THEORY AND LAWS OF HEAT. 

i. Q. What is heat? 

A. Heat is a form of energy or motion produced by friction. AH 
matter is made up of small rapidly vibrating particles or molecules. 
The faster these particles vibrate the more heat is produced and the 
more the body is expanded. This expansion is often carried to 
such an extent as to transform the body into another state. 

2. Q. Give an example of a change in the form of a body 
due to heat. 

A. The formation of steam from water. 

3. Q. How is heat rtieasured? 

A. By the effect it produces. As heat is not a substance it 
cannot be measured by the foot or bushel, nor can it be weighed 
by the pound. It is calculated by the effect it produces upon 
another body to which it is transferred. 

4. Q. How is heat transferred from one body* to another? 
A. By conduction, convection and by radiation. 

5. Q. Give examples of heat transferred by each of these 
methods. 

A. The heat from a hot iron is transferred to another piece 
of iron by contact with it, as when one end is placed in the fire 
the opposite end becomes warm. This is transference by con- 
duction. Water heated at the boiler and delivered to a radiator 
by means of currents makes the radiator hot. This is heating by 
convection. An object located near a stove or radiator is made 
warm by the heat diffused and transferred to it by the stove or 
radiator. This is heat transference bv radiation. 

I 

6. Q. How is the effect of heat transferred from one body to 
another measured? 

A. By the Heat Unit. 

7. Q. What is a Heat Unit? 

A. A heat unit is a scale for measuring the effect of heat, and 
all heating calculations are based on and measured by the heat 
unit. There are three standards of measure: British, French and 
German. 

8. Q. Which of these measures is in general use in this 
country? 

A. That which is known among heating men and engineers 
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STEAM, HOT WATEH, VACUUM AND VAPOR HEATING 

as the British Thermal Unit (B. T. U.). This is the unit employed 
in all American and British practice. 

9. Q. What is the measure of a British Thermal Unit? 

A. A British Thermal Unit (B. T. U.) is the amount of heat 
required to raise one pound of water from 32 degrees to 33 degrees 
on the Fahrenheit scale. This amount is measurable and always 
the same, as would be one inch for length or one pound for weight. 

10. Q. What is meant by the Fahrenheit scale? 

A. Fahrenheit was a German who in 1724 invented the ther- 
mometer and scale which are used in the United States and Great 
Britain and British Colonies; the scale ranging from Zero (0) to 
212 degrees, the boiling point, 32 degrees being the freezing point. 

11. Q. What, is the mechanical equivalent of heat or the 
mechanical effect produced by its application? 

A. One unit of heat is capable of raising 772 pounds weight 
one foot high. This is termed "foot pounds. " J. P. Jule, while 
experimenting (1838), determined or discovered a definite relation- 
ship between heat and work. 

12. Q. What is meant by equalizing heat between two 
bodies? 

A. When a difference in temperature exists between two bodies, 
solid or liquid, that come in contact with each other it is a law of 
heat that their temperature will become equalized. There is 
always a tendency for heat to flow from a hotter to a colder body. 

13. Q. Give an example of the operation of this law? 

A. Pour a gallon of water having a temperature of 50 degrees 
into a vessel containing a gallon of water having a temperature of 
100 degrees and the resultant temperature of their combined bulk 
will be 75 degrees. Further, if the air surrounding the vessel is 
60 degrees the water in it will cool until the temperatures of the air 
and water are equalized. 
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METHODS OF HEATING. 

i. Q. What methods are employed or what types of heat- 
ing apparatus are used for warming buildings? 

A. Open fires, stoves, hot air furnaces, steam, hot water, 
vacuum and vapor heating apparatus. 

2. Q. How do the various systems compare or rank in cost 
of installation? 

A. They rank (in the matter of first cost) very nearly in the 
order named. Of the more modern methods hot air is the cheapest. 
A steam heating apparatus costs about double that of a good fur- 
nace installation. The ordinary hot water apparatus about one- 
third more than steam, and vacuum and vapor heating costs from 
one-quarter to one-half more than steam, depending upon the type 
of system installed. 

3. Q. How does each system rank in comparative running 
expense or cost for fuel? 

A. Approximately a building requiring twelve tons of coal to 
warm it with hot air (with cold air supply) can be warmed by 
direct steam with nine tons of coal, by hot water with eight tons, 
and by a vacuum or vapor apparatus with eight or slightly less 
than eight tons of coal. 

4. Q. What is the average life of each system and the cost 
for repairs during this period? 

A. The average life of a furnace is from ten to twelve years 
with approximately twenty-five per cent, of its first cost expended 
for repairs. The average life of a steam boiler and system is from 
twenty to twenty-five years with perhaps ten to twelve per cent, 
of the original cost expended for repairs. The average life of a hot 
water job is twenty-five or thirty years with a possible expenditure 
of ten per cent, of its first cost for repairs. 

As to the life of a vacuum or vapor job there is little available 
data, but there seems to be no reason why such an installation 
should not have a length of life equal to that of a steam or hot water 
apparatus. 

5. Q. What is considered to be the best system of heating? 

A. The best system to install depends upon so many conditions 
that it is hardly possible to give an intelligent answer to the ques- 
tion. 

13 



8TEAM, HOT WATER, VACUUM AND VAPOR HEATING 

Many houses and small buildings can be heated very satisfac- 
torily with a furnace, and with the addition of a mechanically 
driven fan hot air heating is very satisfactory for buildings of 
larger size. 

A steam heating apparatus is quick in action and in the results 
obtained, and there is no building but what can be heated success- 
fully with steam if the apparatus is properly installed. It is par- 
ticularly adapted for use in variable climates. 

Hot water gives a very mild and even heat with little attention, 
and is particularly adapted for residence heating or for use in 
steadily cold or uniform climates. 

Vapor and vacuum are considered quick and efficient for use in 
any climate. 

It may be well to add that special methods of installation and 
special appliances increase the utility of any of the systems named. 
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CHIMNEYS AND FUELS. 

i. Q. Having selected the type of heating apparatus to be 
installed, what is the next important step to be taken in order 
that the apparatus shall prove successful and economical in oper- 
ation? 

A. The provision of a good chimney of proper size. 

2. Q. What are the essential features of a good chimney 
flue? 

A. A round, or as nearly a square flue as circumstances will 




Pig. 1. — Plan of a Square Flue. 



permit (Fig. 1)^ tile lined or well pointed; built straight up without 
offsets to a point well above the highest point of the roof. (Fig. 
2). The chimney should have no other smoke-pipe opening than 
the one used for the heating apparatus. 

3* Q. Why should a chimney be built round or square? 

A. The smoke ascends a chimney spirally (Fig. 3); therefore 
there is no circulation in the corners of a square flue nor in the ends 
of a long narrow flue (Fig. 4). 

4. Q. Why should a chimney flue be lined with tile or well 
pointed? 

A. Friction of the ascending column of smoke and gases due to 
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CHIMNEYS AND FUELS 

particles of mortar overhanging in the flue is bad for the draft 
and reduces the capacity of the chimney, and for this reason the 
inside should be carefully smoothed or lined with tile. It is esti- 
mated that a 100 foot tile lined chimney will have fifty per cent, 
more capacity than an ordinary brick flue of the same height. 

5. Q. What two principal factors has a chimney flue? 

A. Area and height. Area for capacity and height for velocity. 
A chimney must be able to pass sufficient air to properly burn the 
fuel and carry off the smoke and products of combustion. 



Fig. 3. — Smoke Ascends a Flue Spirally. 

5. Q. What is the easiest method of increasing the draft in 
a flue already built? 

A. Increasing its height increases the velocity and consequently 
adds to the effectiveness of the flue. 

7. Q. How is the required area of a chimney determined? 

A. By the area of the grate of the boiler or heater which it 
serves. 

6. Q. What shall be the area of a chimney flue as compared 
with the area of the grate of the heater? 



KTEAM, HOT VVATEK, VACUUM AND VAPOR HEATING 

A. From one-eighth to one-tenth of the grate area. For the 
ordinary heating apparatus the chimney should not be smaller 
than 8 x 12 inches. 

SIZES OF CHIMNEY FLUES. 









Round 


Square or 


Cubic Feet. 


Square Feet 


Square Feet 
Hot Water 


Tile or 


Rectangu- 
lar— TUe 


Contents of 


Direct Steam 


Iron 


Building. 


Radiation. 


Radiation. 


Inside. 
Inches. 


or Brick. 
Inches. 


10,000- 20,000 


250 to 450 


300 to 800 


8 


8x8 


20,000- 45,000 


450 to 700 


800 to 1200 


10 


1 8 x 12 


45,000- 75,000 


700 to 1,200 


1,200 to 2,200 


12 


12 x 12 


75,000-140,000 


1,200 to 2,400 


2,200 to 3,600 


14 


12 x 16 


140,000-200,000 


2,400 to 3,500 


3,600 to 5,200 


16 


16 x 16 


200,000-350,000 


3,500 to 5,000 


5,200 to 8,000 


18 


|16 x 20 



No chimney flue should be less than 8x8 inches square or 8 
inches round, and a flue 8 x 12 inches will give better service. 




Fig. 4. — Effective Area of Long, Narrow Flue. 



9. Q. What are some of the most frequent causes of trouble 
or failure on the part of the flue to operate properly? 

A. Insufficient area or height, smoke pipe pushed into the 
chimney too far, the chimney being contracted or enlarged at 
some point, (Fig. 5), two or more smoke pipes entering the same 
flue, poor shape or construction, and too abrupt offsets or clogging 
with soot. (Fig. 6). 

10. Q. What is combustion? 

A. Combustion is a chemical action which produces heat. 

11. Q. In burning coal, coke, gas, or other fuel what is neces- 
sary to produce combustion? 

18 



UHIMXHYS AND FUELS 

A. The mixing of oxygen with the fuel. The gas {carbureted 
hydrogen) and the carbon of the fuel must each be supplied with 
the necessary amount of oxygen and be kept at the required tem- 
perature to produce the chemical action necessary for perfect 
combustion. 

13. Q. How is the combustion of fuel in a heating apparatus 
calculated? 



Fig. 5.— Effective Area of Contracted Flue. 

A. By the pounds of fuel consumed per square foot of grate per 
hour. 

13. Q. What is the average rate of combustion in a low 
pressure steam boiler or house heating apparatus of modern 
type? 

A. It varies from three to five or six pounds of coal per square 
foot of grate per hour depending upon the siae and character of 
the apparatus and the condition of the chimney flue. 

14. Q. What size of coal is the easiest to burn, and why? 
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A. Large size, for the reason that it does not pack tightly and the 
large air spaces between the lumps of coal allow the air to pass 
through it freely and mix readily with the gases in the combustion 
chamber of the heater. 

15. Q. Why is the use of a smaller size of coal deemed 
. advisable ? 

A. It packs closer on the grate and acts as a check on the air 
passing through it. The air passing in smaller quantities is more 



Pig. 6. — Effect of Soot in Offset of Flue. 

readily heated and in mixing with the gases produces more perfect 
combustion. 

16. Q. What kind of coal is generally used for a heating 
apparatus, and why? 

A. Hard or anthracite coal because it burns at a slower rate of 
combustion; therefore lasts longer and is also cleaner to handle 
and use. 

17. Q. Why is hard coal cleaner and better than soft coal? 
A. Hard coal contains only a very small percentage of volatile 

20 



THIMXEYH AND FUELS 

matter (gas) — usually seven or eight per cent. — and from eighty- 
five to ninety per cent, of carbon, while the better grades of soft 
coal contain from twenty to thirty-five per cent, of gaseous matter 
and impurities to from sixty to seventy-five per cent, of carbon. 
With the slow combustion required in ordinary heating apparatus 
the small amount of oxygen admitted is not sufficient to burn the 
gases in the soft coal without considerable smoking. 

COMPOSITION OF COAL. 



70 to 72 " " 

60 to 65 " " 

58 to 60 " " 

55 to 58 " " 



Kinds. Volatile Matter (Gas). Fixed Carbon. 

Anthracite 7 per cent. 85 to 90 per cent. 

Semi-Bituminous 18 " " 75 to 80 " " 

Bituminous 24 " 

Semi-Gas 30 " 

Coking 33 " 

Gas .37 " 

Combustible Matter \ X? 1 *? 1 * Matter (Gas) 

/Fixed Carbon (Coke) 

Non-Combustible Matter.. ,) Moisture (Water) 

I Ash (Refuse) 

f Volatile Sulphur (Disappearing in 
Impurities J , Smoke) 

i Iron Pyrites (Causing Clinkers) 



1 8. Q. What attention should be given the boiler to provide 
for perfect combustion of the fuel? 

A. Keep a good clean fire. Do not pack the coal tightly and 
keep the fire clear of ashes and clinkers. Slow and regular com- 
bustion is a preventative of clinkers. 

19. Q. How should the fire be checked or combustion be 
retarded? 

A. By closing tightly the draft door admitting air under the 
grate and checking the draft in the chimney by closing the damper, 
and if further checking is necessary by opening the check damper 
in the smoke-hood at the top of the boiler. Do not at any time 
open the firing door as by so doing the cold air will pass over the 
heating surfaces and chill the water in the boiler. 

20. Q. How frequently should fuel be added for proper or 
economical firing? 

A. Once every eight hours for severe weather, once every 
twelve hours for moderate cold weather, and once every twenty- 
four hours for mild weather. 

21 
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21. Q. What should be the amount of fuel required for a 
low pressure steam or hot water boiler? 

A. A very fair estimate is one ton of anthracite coal per radiator 
per heating year (six months) allowing 50 square feet of radiation 
for a steam radiator or 75 square feet for a hot water radiator. 

22. Q. What exceptions should be made to this rule? 

A. The addition of improved modern specialties to a heating 
plant such as accelerating devices for hot water and vapor and 
vacuum devices for steam will increase the efficiency of a heating 
apparatus, and reduce the amount of fuel required. Poor methods 
of firing, carelessness of attention, and certain conditions of draft 
and chimney construction will increase the amount of fuel required. 
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BOILERS FOR HEATING. 

i. Q. What types of boilers are commonly used for heating? 

A. Cast iron sectional boilers, either round or square, having 
vertical or horizontal sections, and round steel or wrought iron 
boilers for small installations, and fire-box, tubular or water-tube 
boilers for large installations. 

2. Q. Which type of boiler is most generally used? 
A. The cast iron boiler either round or square. 

3. Q. Why is cast iron preferred to wrought iron or steel in 
boiler construction? 

A. Cast iron is considered to be less susceptible to rust than 

wrought iron or steel and therefore is thought to be the better 

material for a heating boiler that is idle or out of service a good 

portion of the year. 

4. Q. Why will wrought iron or steel rust more quickly than 
cast iron? 

A. Cast iron is simply melted ore with most of the impurities 

removed which is moulded into the various castings of which the 

boiler is composed. It is porous and not likely to rust. The finer 

iron is worked the more the pores are removed and the greater 

will be its tendency to rust. 

5. Q. What two factors are necessary in boiler construction? 
A. Heating surface and grate surface. 

6. Q. What is meant by heating surf ace ? 

A. The heating surface of a boiler is of two kinds, direct surface 
and flue surface. Direct surface is that portion of the boiler above 
and surrounding the fire against which the direct heat from the 
fire strikes or against which the direct heat waves from the fuel 
impinge. Indirect or flue surface is that which receives the heat 
from the burning gases in their exit from the combustion chamber 
into the smoke flue. * 

7. Q. What is meant by grate surface? 

A. The grate surface of a boiler is the cradle or surface that 
holds or supports the fuel and is proportioned according to the 
amount of heating surface contained in the boiler and to the radiat- 
ing surface (square feet of radiation) necessary for a building. 

8. Q. How can the amount of grate surface required in a 
boiler be determined on a heat unit basis? 

A. Determine the loss in heat units per hour for the entire 
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buUding. Dividing this sum by an amount equalling 60 per cent, 
of the heat value of the coal to be used for fuel (if a good quality 
of anthracite containing 14,500 B. T. U. per pound — 14,500 X .60 
= 8,700) gives the weight of fuel to be burned per hour. Divide 
this result by 3 or 4 for small boilers or 5, 6 or 7 for larger boilers 
(these divisors representing the rate of combustion per hour) and 
the result will be the grate surface required. 

9. Q. How are fire-box, tubular, and water-tube boilers 
rated? 

A. By their horse-power. 

10. Q. What is meant by the term "horse-power"? 

A. A horse-power (H. P.) is the amount of work required to 
raise 33,000 pounds one foot high per minute, which is equivalent 
to 42.5 heat units per minute and which represents the energy 
developed by evaporating 2,665 pounds of water into steam. 

11. Q. How is the horse-power of a tubular boiler calcu- 
lated? 

A. Each 15 square feet of heating surface is considered equiv- 
alent to one horse-power. 

12. Q. How are cast iron boilers rated? 

A. Their rating should be based on the amount of coal consumed 
per square foot of grate surface and their efficiency. The character 
of construction to a large degree determines the efficiency. Boilers 
which have a large prime or direct heating surface in proportion to 
the size of grate are more efficient than boilers with a large amount 
of indirect surface. 

13. Q. Why is a boiler with a large proportion of direct 
heating surface most efficient? 

A. Direct surface is more efficient than indirect or flue surface, 

the proportion being about three to one. There should be only 

sufficient flue surface to assist in consuming the gases and extract the 

heat from the products of combustion before they leave the boiler. 

14. Q. How is the radiating capacity of a heating boiler 
usually rated and listed by manufacturers? 

A. By the square feet of direct radiation (gross), steam or 

hot water which a boiler of any certain size will supply for an eight 

hour period of firing. 

15. Q. What is meant by "gross" amount of direct radiation? 
A. Boiler power or capacity is calculated at the boiler outlet, 

therefore provision must be made for all piping as well as radiators. 
(Various kinds of radiating surfaces, direct, semi-direct and in- 
direct, are discussed elsewhere in this book.) 
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i. Q. What trimmings are used on a steam boiler used for 
heating ? 

A. A safety valve of the weighted or pop (spring) variety, a 
low pressure steam gauge, a water column with water glass and 
try-cocks, a damper regulator and a draw-off cock. 



Fig. 7.— Pop Safety Valve. 

a. Q. Where should the safety valve be located and for what 
purpose is it used? 

A. The safety valve (Fig. 7) should be located at the top of 
the boiler and it is used to relieve excessive pressure of steam when 
the pressure has accumulated to a point considered dangerous 

3. Q. What is the maximum pressure commonly allowed on 
low pressure boilers? 

A. From eight to fifteen pounds, depending upon the size and 
character of the boiler. 
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4. Q. At what point on the boiler is the steam gauge located 
and what is its purpose? 

A. The steam gauge (Fig. 8) should be located above the 
boiler and should be connected to it, or to the pipe connection to 
the water column, by a siphon. Its purpose is to register the pres- 
sure in pounds per square inch of the steam within the boiler. 

5. Q. What is the water column (and gauge), where is it 
located, and for what purpose is it used? 

A. The water column (Fig. 9) is a hollow cylindrical casting 
having a water glass extending nearly its entire length. It is 
also tapped for and provided with two or three try-cocks. It is 
located at the side of the boiler at such a height that the glass 




Fig. 8. — Steam Gauge. 

will be about half full when the boiler is filled with water to the 
normal water-line. The top of the water column is connected 
to the steam chamber of the boiler and the bottom of it to the 
water space of the boiler, and its purpose is to show in the glass 
the height of the water in the boiler. 

6. Q. Why is the water column connected to the boiler as 
above described? 

A. In order that the steam pressure will be the same on the 
water in the glass as it is upon the water in the boiler so that the 
water-line will show its true height in the glass when steam is 
carried at various pressures on the boiler. 

7. Q. What is meant by a damper regulator? 

\ A. A damper regulator (Fig. 10) is a device connected to the 
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steam space of the boiler which regulates the draft and check 
doors of the boiler, and is operated by the pressure of steam carried. 

8. Q. How is a common form of damper regulator made and 
how does it operate? 

A. Two castings in shape similar to an old-fashioned soup 
plate are bolted together at the rim with a rubber diaphragm 




Fig. 9. — Water Column and Gauge. 



between them. A plunger, resting on the rubber, protrudes 
through an opening in the center of one of the castings. This 
device is connected to the steam chamber of the boiler by a nipple 
or short piece of pipe in such a manner that the pressure of steam 
against the under side of the rubber will force it against and raise 
the plunger (which is on the upper side of the device). Connected 
to a lip of the casting and resting across the plunger is a long iron 
rod from the ends of which chains connect with the damper doors. 
As steam raises the plunger the rod tilts and operates the damper 
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doors of the boiler, the extent of this operation being governed by 
movable weights placed on the rod; these weights are adjusted 
according to the requirements of the work. 

9. Q. How should the chains be connected from damper rod 
to draft doors? 

A. In such a manner that when both draft and check doors are 
closed the damper rod will be level horizontally. 

Note by Fig. 11 that weight C on the rod B is set away from 
the regulator and holds open the draft door E. A very little 
pressure of steam against the diaphragm of the regulator will raise 
the rod to a level position, closing the draft door E as shown by the 
second position. Should this not check the fire sufficiently and 
the pressure continue to accumulate against the diaphragm it will 




Fig. 10.— Old Style Damper Regulator. 

raise the rod until it opens the check door F as shown by the third 
position. The diaphragm regulator ' is shown at A, the smoke 
hood at D and G represents the smoke pipe. 

10. Q. What is a draw-off cock? 

A. A water cock or valve having a full size free opening through 
it which is placed at an extreme low point of the boiler for the 
purpose of draining the water and sediment from it. If properly 
constructed the cock should have a pipe thread at one end for 
screwing into an opening of the boiler and a hose thread at the 
opposite end for attaching a hose. 

n. Q. What trimmings are necessary for a fire-box or tubu- 
lar boiler used for heating? 

A. If used for low pressure heating the trimmings are sub- 
stantially the same as are required for a cast iron boiler. 
12. Q. What setting is used for cast iron boilers? 
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A. The old method of setting cast iron boilers, particularly 
those of large size, was to enclose them by walls of common brick 
and by lining with fire brick any part of the setting which came in 
contact with the fire. At this date nearly all cast iron boilers have 
a portable setting. The sections are bolted together and the 
exterior surface (excepting doors and front plate castings) are 
covered with plastic magnesia or asbestos cement. 



MATERIAL FOR BRICK WORK OF TUBULAR BOILERS. 
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13. Q. What setting is used for tubular or fire-box boilers? 

A. Tubular or fire-box boilers are set in brick work. The 

outer and end walls should be constructed of best hard burned 

brick laid in cement and lime mortar. The fire-box lining should be 

made of best fire brick laid on flat in thin clay mortar with close 

joints and occasional header courses. The bridge wall should be 

faced (at least partially) with fire brick. The ash pits and a small 

space in front of the boiler should be paved with common brick 

laid on edge. 
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RADIATION. 

i. Q. What is meant by the term "Radiation" or "Radiating 
Surfaces"? 

A. As applied to beating, radiation means some form of hollow 
metal surface through which steam or hot water is circulated and 
which, by contact with the air surrounding it (this air being very 
much cooler), cools the steam or water, imparting its heat units to 
the air of the room to be warmed. 

2. Q. Of what material is the usual type of radiator con- 
structed? 

A. Cast iron or wrought iron. The early type of radiators 



Fig. 12,— A Box Coil. 



were made of wrought iron tubes screwed into a cast iron base. 
The manufacture of this type of radiator has been almost, if not 
entirely, discontinued. A stack of piping termed a "box coil" 
was also largely used in the early days of steam heating. Fig. 12. 
This was sometimes encased with ornamental cast iron panels or 
scroll work and covered with an iron or marble top. Radiating 
surfaces made of wrought iron as at present employed are usually 
designated as pipe coils. The radiators commonly used are cast 
iron made up of sections nippled together. Radiators with loops 
made of sheet steel are also used to some extent. 
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3. Q. For what class of heating are pipe coils generally em- 
ployed? 

A. As radiating surface for warming factory buildings, green- 
houses or conservatories, garages and other buildings where the 
appearance of a pipe coil is not objectionable. 

4. Q. What styles of pipe coils are in general use? 

A. Corner coils, "harp" or mitre coils, and return-bend or 
"trombone" coils. 

5. Q. What is a corner coil? 

A. A corner coil, as its name implies, is one which is located 
at and turns a corner of a room, the elbows used on the piping 



at the corner providing for the expansion and contraction of the 
pipes. Manifolds or branch-tees are usually employed in building 
this style of coil. Fig. 13. 

6. Q. What is a "harp" or mitre coil? 

A. A coil built with a mitre and shaped like the letter L, the 
short end of the mitre being placed vertically when the coil is hung 
in position. The mitre is used in order that the elbows will provide 
for expansion and contraction. Fig. 14. 

7. Q. What is a return-bend coil? 

A. A return bend coil is a coil constructed with return bends 
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to allow for the expansion and contraction and its construction 
allows a continuous flow of the steam or hot water through a single 
pipe. Fig. 15. 

8. Q. In building or making up a manifold coil what fittings 
are used? 

A. The neatest method is to employ right and left elbows at 
the mitre. Common elbows may be used and the pipes joined to 
the manifold with long screws or lock or jam nuts. 

9. Q. Which type of radiator is the best for general use- 
cast or wrought iron ? 
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Fig. 14.— A "Harp" or Mitre CoU. 



A. There is not much difference. Wrought iron radiators are, 

if anything, more efficient, but are hardly as desirable as cast iron 

radiators owing to the fact that cast iron radiators are made up of 

loops or sections of several heights and widths, and a variety of 

shapes and sizes may be had to fit any desired space. 

10. Q. How many types or kinds of radiating surface are 
in use? 

A. Three; the several types of radiators are known as direct, 
semi-direct or direct-indirect and direct radiation. 
iz. Q. What is a direct radiator? 
A. Direct radiators are so called because they are located in 
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the room to be warmed and give off their heat directly to the air 
within the room. 

« 

i a. Q. Describe a direct-indirect or semi-direct radiator. 

A. Direct-indirect or semi-direct radiators are so arranged 
that they will warm fresh air conveyed from outside the building 
through a duct or opening through the wall to a boxing forming 
the base of the radiator, the air being warmed by passing upward 
over the surface of the radiator as it enters the room. The duct and 
base are provided with dampers so that the fresh air inlet may be 
closed and when closed the radiator can be used as a direct radiator. 
Fig. 16. 
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Pig. 15.— A Return Bend or "Trombone" Coil. 



13. Q. Describe an indirect radiator and the indirect method 
of heating. 

A. Indirect radiators are located outside of the room to be 

heated and warm the room indirectly by warming a supply of 

air which is then introduced into the room through a duct and 

register. They are commonly located below the room to be heated 

although they may be located adjacent to it. The radiator is 

encased in a boxing and a cold air supply from outside the building 

connects with the boxing. Fig. 17. 

14. Q. At what point in a room should a direct radiator be 
located? 

A. Along the most exposed and coldest wall of the room or under 

a window on this side of the room. 

15. Q. Why should the radiator be placed on the cold side 
rather than on an inner wall of the room? 

A. When located in this position the radiator will condense 
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more steam or cool the hot water more and therefore give off more 
heat to the surrounding air than when located along an inner 
wall or in a warmer position. The radiator along an exposed 
wall draws the cold air to it, warms and expands the air, causing 




Fig. 16. — A Direct-Indirect Radiator. 

it to rise, and thus creating a circulation or turning of the air with- 
in the room. If placed on an inner wall the radiator will draw the 
colder air across the floor of the room and thus cause uncomfortable 
and dangerous drafts. 
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16. Q. What should be the location of a direct-indirect 
radiator? 

A- The same as a direct radiator. For the same reasons and 
further that it is necessary to provide for an inlet through the 
outer wall for the fresh air supply to the radiator. 

17. Q. At what point should an indirect radiator be located? 
A. The radiator itself should be located near to the register, 

and the location ot the register in a room should be in the inside 
wall or in the floor near the inside wall, or exactly the reverse of 
the location for a direct radiator. 



Pig. 17. — An Indirect Radiator. 

18. Q. What is meant by the word "stack" as applied to 
indirect radiation? 

A. Several sections of an indirect radiator when bolted and 
nippled together, or assembled, are frequently referred to as a 
"stack" or an "indirect stack." 

19. Q. How is a stack of indirect radiation placed in position 
for service? 

A. It should be hung or suspended from the ceiling of the 
basement on suitable hangers and covered with a casing made 
of galvanized iron or beaded boards lined with tin. The stack 
should be hung in such a position that when encased there wMl be 
an air space of from eight to ten inches in height above the radiator, 
and from six to eight inches below it, and the casing should fit 
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tightly around the sides in order that the air will pass between the 
sections and not around them. The cold air should enter at the 
bottom of one end of the casing, and the hot air should be taken 
from the top of the opposite end. Fig. 19. 

20. Q. What air supply is necessary for an indirect radiator ? 
A. As a rule it is well to be generous in the size of air ducts, 
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Fig. 18. — Proper Location of Indirect Radiator. 




both cold and hot, for use with indirect radiation, as each duct 
should be provided with a damper which may be utilized to reduoe 
the air supply. It is a hard matter to increase the efficiency of 
too small an air duct. 

From 1 to 1^6 square inches of area to each square foot of radia- 
tion for the hot air duct, according to the size of the radiator, is a 
good rule to employ, and the area of the cold air duct should be 
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« 
% to % of the area of the hot air flue. When the radiator serves 

■ 

an upper floor the area of the hot air duct may be decreased from 
20 to 25 per cent, and the area of the cold air duct may be slightly 
increased. 



SIZES OF AIR DUCTS AND REGISTERS FOR INDIRECT HEATING. 
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ai. Q. What should be the size of the registers for indirect 
heating? 

A. The effective register area should be about 25 per cent. 

greater than the area of the hot air flue connecting with it. 

22. Q. What factors determine the amount of radiating sur- 
face necessary for a building? 

A. The cooling surfaces of the building. 

23. Q. What are the cooling surfaces of a building? 

A. The cubic feet of air in the same (cubical contents), the 
outside or exposed wall surfaces, and the glass surface (windows 
and outside doors), outside doors being considered as glass surface. 

24. Q. How is the right amount of radiation determined for 
each room in the building? 

A. There are a number of good rules for this purpose, any one 
of which is reasonably accurate when used with judgment and 
when the various phases of building construction, location and 
exposure are considered. 

One of the more simple rules is called the Mills rule or the rule 
2-20-200; that is, for steam heating allow one square foot of radia- 
tion for each 2 square feet of glass, one for each 20 square feet of ex- 
posed wall surface, and one for each 200 cubic feet of contents. 
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For hot water heating add 60 per cent, to the amount required for 
steam. 

Figure separately for each room and tabulate the result toBhow 
the total radiation required. 

For example, consider a room 12'X16' in size having a ceiling 
10' high, the 16' side of the room an outside wall and two windows 



Pig. 19.— Method of Boxing an Indirect Radiator, 

' X 6'. 

12 X 16 X 10 = 1920 cubic feet of contents. 
16X10 = 160 square feet of exposed wall. 

! X 6 X 2 = 36 square feet of glass. 



1920 

160 



200 — 10 feet for cubical contents. 
20 =* 8 feet for exposed wall, 



36 -i- 2 = 18 feet for glass. 

Total 36 feet for steam. 

t6 + 21 (60 per cent.) = 57 feet for hot water. 
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25. Q. What condition other than size and amount of wall 
and glass governs the estimating of all radiation? 

A. The location of the rooms to be warmed; whether located 
on the north or exposed side of the building or on the south or 
warm side of the same. 

26. Q. How are these conditions covered when estimating? 
A. For rooms on the north or exposed side of the building add 

10 per cent, to the amount obtained by the rule, and for rooms on 
the south or warm side of the building deduct 10 per cent. When 
locating the radiation in a large room such as a church or public 
auditorium exposed on all sides, approximately 10 per cent, more 
radiation should be placed on the north side than on the south 
side. 

27. Q. What rooms in a residence require special considera- 
tion when estimating radiation? 

A. The halls, dining room and bath room. 

28. Q. What special treatment is necessary for each of these 
rooms? 

A. When estimating radiation for the hall, both lower and upper 
halls should be considered together and the total radiation required 
should be placed in the lower hall unless the upper hall is very 
much exposed and isolated from the lower hall. The dining room 
should be warmed particularly well, as being the first of the living 
rooms to be occupied in the morning it should be quickly warmed, 
thus requiring plenty of radiation. 

The bath room should have from 25 to 30 per cent, more radiation 
than the amount obtained by rule, as all bath rooms should be 
particularly well warmed. 

29. Q. How is the amount of radiation required for direct- 
indirect heating ascertained? 

A. By adding 25 per cent, for steam, or 35 per cent, for hot 
water, to the amount of direct radiation obtained by rule. 

30. Q. How is indirect radiation computed? 

A. By adding 50 per cent, for steam, or 75 per cent, for hot 
water, to the amount of direct radiation required. 

31. Q. What amount of radiation is required for vapor heat- 
ing? 

A. Approximately 15 per cent, more than is necessary for steam. 

A very good rule for computing radiation for a vapor system is 

to multiply the cubical contents by 1J^, the exposed wall surface 

by 25 and the glass surface by 75, add the results together and divide 

the total by 200. 
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For example, consider a corner room 12' X 15' in size having a 
ceiling 10' high, one outside door (with transom) 3' X 8' and one 
window 4' X 6'. 

12 X 15 X 10 = 1800 cubic feet of contents. 
12 + 15 X 10 » 270 square feet of exposed wall. 
3X8+4X6= 48 square feet of glass. 
1,800 X V/i - 2,700 
270 X 25 - 6,850 
48 X 75 - 3,600 



13,150 
13,150 -r- 200 = 65 square feet radiation for vapor. 

3a. Q. What conditions require the addition of the various 
percentages for hot water or vapor heating to the amount re- 
quired for steam? 

A. Radiation required is based upon the maintenance of 70 
degrees inside temperature with the thermometer at zero outside, 
and radiation for steam heating based upon a pressure of 2 pounds 
or a temperature of 219 degrees hot water upon a temperature of 
180 degrees and vapor upon a temperature of 212 degrees (atmos- 
pheric pressure) or a few ounces above atmospheric pressure. 
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■ 

i. Q. How many systems of steam heating are in general 
use? 

A. Strictly speaking there are but two — high pressure and low 

pressure; although there are several modifications or methods of 

installing each system. 

2. Q. Which system is most frequently used when installed 
for heating purposes only? 

A. The low pressure gravity return system. 

3. Q. What methods may be employed in installing this 
system? 

A. The one-pipe or the two-pipe method, employing a wet or 
dry return. The one-pipe method may be installed as a circuit 
system, or as a divided circuit system, or a relief system without 
returns. The two-pipe system may be installed according to the 
regular method by which both flow and return mains are run in 
basement, or by the overhead method with the mains run overhead 
and the returns only in the basement. The overhead method might 
properly be called a combination of the one-pipe and two-pipe 
systems. 

4. Q. Why are these methods designated as low pressure 
gravity return systems? 

A. Because of the fact that in the installation of each system 
the piping is so arranged that the water of condensation from the 
radiators returns to the boiler by gravity. 

5. Q. What is meant by low pressure steam? 

A. Steam at a pressure of from one to five pounds is ordinarily 
considered as being low pressure although this pressure is often 
increased to eight or ten pounds on a low pressure apparatus. 

6. Q. What is meant by high pressure steam as used for 
heating apparatus? 

A. The ordinary acceptance of the term is the heating of build- 
ings from high pressure or tubular boilers which are themselves 
used for power or for purposes other than supplying steam to the 
heating apparatus. The pressure may be 30, 40, 50, 100 pounds, 
or more. 

7. Q. Is it customary to use steam at high pressure in a heat- 
ing apparatus? 
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A. No. The steam pressure is ordinarily reduced by placing 
a pressure reducing valve on the steam line, reducing it to a nominal 
pressure in the heating apparatus. 

8. Q. What form of heating from high pressure boilers is 
used to a great extent? 
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Fig. 20.— The One-Pipe Method of Steam Heating. 



A. Exhaust heating. 

9. Q. What is meant oy exhaust heating? 

A. Steam is supplied at high pressure to an engine, pump or 
other mechanical appliance requiring steam for power. The 
steam after accomplishing its work in the cylinders escapes through 
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an exhaust pipe and but a very small percentage of its beating 
value (possibly from 5 to 7 per cent.) has been utilized by the 
engine or pump, and instead of allowing this steam to escape to 
the atmosphere it is turned into the heating apparatus. 

10. Q. For what other purpose is the exhaust steam com- 
monly used? 

A. To heat the boiler feed water. It is passed through an 
apparatus called a feed water heater which heats the water required 
for boiler feed purposes. 

ii. Q. About how much of the value of the steam is required 
to heat the feed water for the boiler? 

A. Approximately 15 per cent. It is estimated that after 
passing through the cylinders of the engine or pump and the feed 
water heater there is still from 60 to 80 per cent, of its value left 
for heating purposes, the amount depending upon the character 
of the engine or pump employed. 

12. Q. What is the one-pipe method of circulating steam? 
A. The one-pipe method is that which has only a single pipe 

connection to each radiator, the branch or feed pipe being arranged 
to act as both flow and return, and a single main pipe conveys the 
steam to the radiator and returns the condensation to the boiler. 
Fig. 20. 

13. Q. How should the supply branch be connected to the 
radiator? 

A. Always at the bottom of one end of the radiator, employing 
but one valve in making the connection. 

14. Q. How is the main flow pipe run on a single pipe sys- 
tem? 

A. The main (or mains — there may be more than one) is usually 
taken from the top of the boiler to a point within a few inches 'of 
the ceiling above, from which point it pitches downward to the 
end of the line, the pitch being from one-half t& one inch in each 
ten feet of length. 

15. Q. Can the main be installed so as to pitch upward from 
the boiler if circumstances so require it? 

A. Yes, provided it is dripped or relieved at the low point in 
order not to form a trap for the return water of condensation. 

16. Q. What is a relief system? 

A. A system on which all mains or flow pipes pitch upward 
from the boiler, each being provided with a drip or relief pipe at a 
point near the boiler through which all condensation is returned 
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to the bottom of the same. The condensation from radiators 
and piping may also be dripped or relieved by drip connections at 
the base of each riser or radiator connection, these, being connected 
to a wet return. Fig. 21. 

17. Q. What is the circuit system of piping and how is this 
system installed? 

A. A circuit system is one on which a single steam main rises 
from the boiler to as high a point as convenient and then makes a 
circuit of the basement supplying the various radiators by branches 
taken from the main pipe as occasion requires. As a rule this 
main terminates at a point near the boiler and an automatic air 
valve is placed on the end and a drop made with a smaller pipe 
into a return opening of the boiler. Fig. 22. 

18. Q. What should be the difference in height between the 
end of the main and the water line of the boiler? 

A. Not less than 14 inches and a height of 18 inches is pref- 
erable. 

19. Q. What conditions govern the height of the end of the 
main or the distance between it and the water line of the boiler? 

A. The size and length of the main as proportioned to the 
square feet of radiation or condensing surface on the job. The 
element of friction due to fittings and valves on the main is also 
considered, as friction reduces the velocity of the steam which 
affects the pressure drop at the end of the main. As the steam 
pressure on the water in the boiler is much greater than on the 
water in the return at the end of the line there is a point of equali- 
zation in the return and this may be anywhere from 6 to 20 inches 
or more above the water line, but on a carefully designed system 
should not exceed 12 or 14 inches; therefore a distance of 14 inches 
between the end of the main and the water line of the boiler should 
be sufficient. 

20. Q. What is the divided-circuit system? 

A. This system is similar in all respects to the circuit system 
except that the location of the boiler or shape of the building may 
make it advisable to run the main in two circuits, one in either 
direction. 

21. Q. How should the returns be connected on a divided- 
circuit system? 

A. The mains usually terminate at a point in the basement 
distant from the boiler and an automatic air valve should be placed 
on the end of each main and the returns or bleeders from the ends 
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Pig. 22.— The One-Pipe Circuit System of Steam Heating. 
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Fig, 23. — The Divided-Circuit System of Steam Heating* 
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of each should drop and be connected together below the water 
line, and the single or combined return should be returned wet to 
the boiler. Fig. 23. 

22. Q. Describe the two-pipe system of steam heating. 

A. The two-pipe system has a flow and return connection to 



Oorvr*. 
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Fig. 25.— The Overhead or "Mills" System of Steam Heating. 



each radiator or unit of radiation and a valve is placed on the 
connection at each end of the radiator. 

The main of a two-pipe system is run in the same manner as 
for a circuit system; both it and the branch pipes are smaller than 
would be required for the one-pipe system as the supply pipes 
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accommodate the steam only, all condensation returning through 
the return pipes. Fig. 24. 

33. Q. Should the return pipes on a two-pipe system be wet 
or dry? 

A. Wet returns are preferable to dry returns for this system. 
The whole system of returns should drain or pitch slightly toward 
the boiler. 

24. Q. What is the overhead or Mills system of steam heat- 
ing? 

A. The overhead or Mills system takes its name from the fact 
that the main is taken upward through the building to the attic 
or top of the system and all risers or connections to radiators are 
supplied by drop risers from above, all drips from risers and returns 
from radiators being connected into the main returns which are 
rim in the basement. This system was adopted by John H. Mills, 
who was a prominent engineer and heating man in the early days of 
steam and hot water heating, and therefore is known as the Mills 
system. As all steam and water flow in the same direction there 
is little friction and the system is therefore considered very efficient 
and serviceable for any building to which it can be adapted. Fig. 
25. 
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i. Q. What names are given to the various pipes which con- 
vey the steam from the boiler to the radiators or pipe coils? 
A. Mains, branches, risers and returns. 

2. Q. What is a steam main? 

A. By a steam main is meant those pipes which run horizon- 
tally from the boiler along the ceiling of the cellar or basement to 
convey steam to the various branches supplying the radiators 
or coils. 

3. Q. What is a branch or riser connection? 

A. The pipe leading from a steam main and connecting with a 
riser or a pipe supplying a radiator is called a branch or riser con- 
nection. 

4. Q. What is a riser? 

A. A pipe which extends vertically through one or more floors 
of the building from the end of a branch to the topmost radiator 
supplied. 

5. Q. What is a drop-riser and how installed and used? 

A. A drop-riser is used with an overhead system of steam supply; 
that is to say, a system on which the mains or distributing pipes 
are run at the top of the system. The drop risers extend down to 
the basement, feeding or supplying the steam to the radiators 
downward, the condensation from the radiators flowing downward 
with the steam. 

6. Q. What ia a return pipe ? 

A. A return conveys the water of condensation from the end of 
the main and other points of the system to the boiler and may be 
run above or below the water-line of the boiler. When run above 
the water-line they are designated as "dry" returns. When run 
below the water-line they are called "wet" returns, as they are 
always full of water below the water-line. 

7. Q. What is generally spoken of as a radiator connection? 
A. Radiator connections are the fittings and short pipes which 

connect the radiators to risers or branches. 

8. Q. How should steam mains be installed? 

A. The method of installation depends upon the character of 
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the work. The mains should always be carefully graded with 
sufficient pitch or fall to insure perfect drainage of the water of 
condensation which runs along the bottom of the pipe* They 
should extend around the basement a few feet from the foundation 
walls in a position convenient for connecting branches with the 
radiators or risers. 

9. Q. What is meant by a "break" in a main or by the term 
"jumping the main"? 

A. Structural conditions of the building may require, or when 
the run is long it may be necessary to make, a rise in the main to a 
higher level. 

io. Q. How is the drainage taken care of under such a con- 
dition? 
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Fig. 26.— Method of Bleeding a Main When Raised to a Higher LeveL 



A. By a bleeder or drip from the bottom of the low point which 
should be of sufficient capacity to accommodate the greatest 
amount of condensation likely to accumulate at such a point, and 
the bleeder or drip should be connected into a wet return or a 
return below the water-line of the boiler. Fig. 26. 

xi. Q. What is meant by a bleeder or drip? 

A. A small pipe connecting a trap or low point of the piping 
system with a wet return, and drips may be used at any point on the 
piping* of a steam system to relieve accumulated condensation. 

xa. Q. What should be the size of the drip pipe or bleeder? 

A. The size depends upon the size of the main and the length 
of the main drained by the drip. The following table gives the 
sizes necessary, it being supposed that a main of proper size has 
been installed. 
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DRIP PIPES FOR STEAM MAINS. 



Diameter of Steam 
Main In Inches. 



Length of Steam Main In Feet. 



1 to 100 



100 to 200 



200 to 400 



400 to 600 



Diameter of Drip Pipe In Inches. 
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SIZE OF DRIPS FOR RISERS. 



Square Feet of Radiation 
to Be Drained. 

to 50 

50 to 100 

100 to 250 

250 to 500 



Diameter of Pipe 
In Inches. 

H 
l 

IX 



This table is based on relieving the condensation from the main 
pipe only. If the condensation from the radiators enters the main 
the size of the drips should be increased accordingly. 

13. Q. What important matter should be provided for in 
the installation of all steam piping? 

A. Expansion of the pipes when heated, and contraction when 
cold. Piping installed in cold weather has contracted in length 
and when heated expands, the tremendous force of this expansion 
often cracking the fittings. Expansion or swing joints should be 
employed whenever necessary. 

The expansion of wrought iron pipe under various conditions 
is as follows: 

EXPANSION OF WROUGHT PIPE. 



Tempera- 
ture of 
Air when 
Pipe is 
Fitted. 



Deg. F. 

32 

64 



I 



Length of Pipe When Heated to 



Length 

of Pipe 

when 

Fitted. 



Feet. 

100 
100 
100 



215 Deg. F. 

which corre- 
sponds to 

Atmosphere 
Pressure. 



265 Deg. F. 
which corre- 
sponds to 15 
Pounds 
Pressure. 



297 Deg. F. 
which corre- 
sponds to 84 
Pounds 
Pressure. 



Feet. Inches. 

100 1.72 

100 1.47 

100 1.21 



Feet. Inches. 

100 2.21 

100 1.78 

100 1.61 



338 Deg. F. 
which corre- 
sponds to 100 
Pounds 
Pressure. 



Feet. 

100 
100 
100 



Inches. 

2.31 
2.12 
1.87 



Feet. Inches. 

100 2.70 

100 2.45 

100 2.19 
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14. Q. How can a main be reduced in size without forming a 
trap or low place where condensation can lodge or without re- 
quired for steam? 

A By the use of reducing fittings tapped eccentric on the 
reduced end. 

15. Q. What is meant by eccentric fittings or fittings tapped 
eccentric ? 

A. An eccentric fitting is a fitting tapped with the center of 
the smaller opening at such a point that the lower side of pipes 
screwed or adjusted to either end will be on the same level. The 
lower side of each pipe being on a level insures perfect drainage 
through the fitting without forming a pocket in which the water 
might lodge. Fig. 27 illustrates a tee with the small end tapped 
eccentric. 




iLccenlVxYC ^eoucx&A Tee. 

Fig. 27. — A Reducing Tee Tapped Eccentric. 

16. Q. How are the branch pipes supplying radiators or 
risers connected to a main? 

A. Two methods are in general use, the 90 degree connection 
and the 45 degree connection. 

17. Q. What is meant by the term "go-degree connection"? 
A. The tee on the main which supplies the branch is set with 

the side opening looking directly upward and a nipple and 90 
degree elbow are used to connect the branch. Fig. 28. 

18. Q. What is a 45-degree connection? 

A. The tee on the main is set with the side opening looking 
upward at an angle of 45 degrees, and a nipple and 45 degree elbow 
are used for the branch connection. Fig. 29. 
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19. Q. Is the use of a tee "bull-head," or used on the end of 
a pipe to divide the flow, considered good practice? 

A. A tee should never be employed in this manner as the friction 
and unequal division of the flow will harm the efficiency of the 
work. Fig. 30 shows the effect of such a connection, the arrows 
indicating the direction of the flow. 
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Fig. 28.— A 90 Degree Connection. 

ao. Q. Which style of connection is preferable for use on a 
gravity steam job where the condensation from the radiators 
returns to the main? 

A. The 45 degree connection allows the water of condensation 
to return to the main without saturating the steam which occupies 
the upper part of the pipe and is therefore the best for one-pipe 
installations. Fig. 31 shows the condensation returning through 
a 90 degree connection, and Fig. 32 the condensation returning 
through a 45 degree connection. 
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Fig. 29. — A 45 Degree Connection. 



21. Q. When is the use of the 90-degree style of connection 
permissible? 

A. On two-pipe work or in the event of the branch pitching 
away from the main. 

22. Q. What should be the size of the branch as compared 
with the riser or radiator connection fed by it? 
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A. On one-pipe work tho branch should generally be one pipe 
size larger than the riser or connection to the radiator in order 
to lessen the velocity of the steam in the branch and thus allow 
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Pig. 30.— Effect of Using a Tee "Bull-Head." 

the water of condensation to return in the bottom of the pipe 
against the pressure of the steam. 

On two-pipe work the branch may be the same size as the riser 
or radiator connection as the drainage is made through a separate 
pipe. 
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Pig. 31. — Condensation Returning Through a 90 Degree Connection. 



23. Q. When a branch pitches downward from the main 
how is the water of condensation cared for? 

A. By what is known as a heel drip at the base of the riser or 
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radiator connection; this drip pipe connecting with a wet return. 
Fig. 33. 

24. Q. What is known as a "swing" joint, and for what pur- 
pose is it used? 

4S*E1W 




45 Cotmtcfttm. 

Fig. 32. — Condensation Returning Through a 45 Degree Connection. 



Fig. 33. — Method of Dripping a Riser. 



A. A swing joint is made with two elbows and a nipple and is 
employed to allow a pipe to expand at right angles to its alignment. 
Fig. 34. 

25. Q. What is a "double swing" joint, and for what purpose 
is it employed? 
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A. A "double swing" or "universal" swing joint is made by 
employing four elbows and nipples and when employed allows the 
piping to expand in any direction without breaking the fittings 
or without disturbing the alignment of the pipe. Fig. 35. 




Fig. 34. — A Swing Joint. 

26. Q. How are radiators connected for the one-pipe system? 

A. But one valve is employed and the connection is made to 
one end of the radiator only; this pipe being of sufficient size to 
accommodate the supply of steam and the returning condensation. 




Fig. 35.— A Double Swing Joint. 



.Several styles of connections are used and those allowing for 
expansion are the best. Fig. 36 illustrates some of these. 

27. Q. How are radiators connected for the two-pipe system? 

A. A valve is used on each end of the radiator; that on the return 
being generally two sizes smaller than the supply valve. The 
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separate connection on the return end is made to drain the radiator 
of condensation. Owing to this fact the supply connection is 
made smaller than that employed on the one-pipe system. Several 
styles of two-pipe radiator connections are illustrated by Fig. 37. 

28. Q. How are radiators connected when the overhead sys- 
tem of piping is employed? 

A. They are usually connected as on an up-fed one-pipe Bystem 



Fig. 36. — Methods of Connecting Steam Radiators, One-Pipe. 



They may, however be connected with separate flow and return 
if the conditions of the work demand such a connection. Fig. 38. 
illustrates several methods. 

39. Q. What causes "water hammer" or pounding in the 
piping of a steam heating system? 

A. The presence of cold water at low points in the piping 
caused by imperfect drainage. These are commonly called "traps." 
The water of condensation lodging at such points cools when the 
supply of steam is shut off or the system allowed to cool and when 
a pressure of steam is again turned into the piping and passes the 
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pockets or traps the pounding occurs. This is due to the sudden 
condensation of the steam which produces a vacuum in the piping. 
The water endeavoring to fill this vacuum coming in contact with 
the steam produces a snapping or pounding as of hammering on 
the piping. 

30. Q. Should return mains be. run wet or dry, that is, above 
or below the water-line of the boiler? 

A. The method of running the returns depends upon the 
character of the installation. They may be either wet or dry. 



A dry return should have no other return pipes connecting into it. 
If two or more returns are to be connected together the connection 
should be made below the water-line. For two-pipe work the 
wet return is preferred. 

31. Q. How can this be accomplished when a portion of the 
cellar or basement is not excavated? 

A. By the employment of a false water-line to flood the return 
piping. 

33. Q. How is a false water-line created? 

A. By trapping the main return at a point sufficiently high to 

keep the pipe and connections full of water. The trap should be 
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bo arranged that it may be drained when desired. This is accom- 
plished by making a connection from the bottom of the trap to 
the wet return and placing a valve on the connection. A balance 
or equalizing pipe should connect the top of the loop with the 
steam main. Fig. 39. 

33. Q. What difference in height should be maintained be- 
tween the end of a main or dry return and the water-line of the 
boiler? 

A. Where pipes of generous size are employed a distance of 
14 inches is considered sufficient although under certain conditions 



it may be less or must be greater. Many heating engineers demand 
a distance of 30 inches between the end of main and the water-line. 
Fig. 40. 

34. Q. Why is a distance of 14 inches between the end of 
main and the water-line necessary? 

A. Tables based upon accepted practice giving sizes of mains 
for various amounts of radiation are conditioned upon a pressure 
of 2 pounds to 5 pounds at the boiler, and a low velocity of the 
steam with a drop in pressure at the end of the line of from }^ to 1 
pound. The difference in pressure (occasioned by the friction due 
to the length of the main and fittings on the same) causes the water 
in the return to rise above the level of the water in the boiler and 



BOILER, RADIATOR, AND PIPE CONNECTIONS FOR 
STEAM HEATING 

this difference in height of water is provided for by keeping the 
end of the main at a sufficient height above the water-line. 

The reason of the rise of the water in the return is not always 
understood. When the fire is started in the boiler the water in 
the system stands level. As a pressure is created on the boiler 
it lowers the level of the water in the boiler and raises it in the 
return, the amount of rise being conditioned by the pressure of 
steam at the end of the main. 

Supposing the pressure at the boiler is two pounds and at the 



Fig. 37C. 
Fig. 37-A-B.— Methods of Connecting Steam Radiators. Two-Pipe. 

end of the main one pound, a difference of a pound. The head of 
water equal to a pound pressure is 26.67 inches; therefore, the 
water in the return at the end of the system would stand 26.67 
inches above the water in the boiler. Small mains increase this 
difference and large mains reduce it, therefore generous size mains 
should be used. 

35. Q. Are rules given for determining the sizes of mains for 
low pressure steam heating? 

A. Several very good rules are given but it should be stated 
tbat no two heating engineers agree exactly in their ideas of size. 
Baldwin has a simple rule as follows: To find the number of 



STEAM, HOT WATER, VACUUM AND VAPOR HEATING 

square feet of heating surface a steam main will supply, square 
the diameter of the main in inches and multiply by 100. Example : 
A 2-inch main 50 feet in length. How many square feet of radiation 
will it supply? 

2 X 2 (2 inches squared) X 100 = 400 square feet. 

To find the size of steam main required to supply a given amount 
of radiation, point off two places in the amount of radiation given 
and find the square root of the remainder. Example: To supply 
400 square feet of radiation with a main 60 feet long — 4.00 (two 
places pointed off) = 4. 

The square root of 4 is 2 (2 X 2 = 4), therefore a 2-inch main 
is required. 

An increase in the length of a main or in the number of fittings 
used increases the frictional resistance to the flow of steam and 
demands an increase in the size of it. 



SIZE OF STEAM MAINS, ONE-PIPE SYSTEM. 
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Note: Size of returns as given in the table for "Wet'* returns. For "Dry" 
returns one size larger pipe should be used. 

36. Q. How is the expansion of the piping of a steam job 
provided for? 

A. By the use of expansion hangers on the main and by swing 

or expansion joints on mains or risers. Mains supported on 

expansion hangers can move in either direction as the pipe expands 

or contracts. 
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37. Q. In the case of risers, in what direction is the expan- 
sion, and how can they be supported to allow for it? 

A. The expansion of a riser is either up or down. For an ordi- 
nary two or three story job this expansion may be provided for 
by a swing joint at base of riser. Fig. 41. For a riser of consider- 
able length the expansion may be directed both upward and down- 
ward by anchoring the riser near the middle of its length. Fig. 42. 

38. Q. How can a riser be supported without the employ- 
ment of hangers? 
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Fig. 38. — Method of Connecting Steam Radiators, Overhead System. 



A. By using a coupling on the riser which rests upon a floor 
plate. The riser is cut to such a length that in coupling on the 
extension the bottom of the coupling will rest upon the floor plate 
which is a neat and practical method to employ. Fig. 43. 

39. Q. What should be the area of the riser or risers out of 
the boiler as compared with the area of the main or mains? 

A. The risers out of boiler should be from 30 to 50 per cent, 
greater in area than the mains which they feed. Fig. 40. 

40. Q. What is the reason for employing boiler risers or 
steam connections so much greater in area than the mains? 

A. Because it is advisable that the initial velocity of the steam 
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as it leaves the boiler should be as much below the velocity of the 
steam in the main as possible in order to prevent the lifting of the 
water into the main. 

41. Q. What would be the result of making risers and mains 
of equal area? 

A. The velocity of steam in a vertical pipe is so much greater 
than in a horizontal pipe that under conditions of heavy firing 
or the presence of a little oil or dirt in the boiler a steady water-line 
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ig. 40. — Showing Difference of 14 Inches in Water Line. 



could not be maintained as the steam will carry water into the 
main and under certain conditions siphon the water from the boiler. 

43. Q. Is the employment of a steam header on a boiler 
advisable? 

A. The use of a header is good practice, particularly on sectional 
boilers having several steam outlets, and when properly constructed 
will prevent siphonage of the water into the mains and also provides 
for every movement of the pipe in expanding and contracting. 
A header filters the steam supply and insures dryer steam in the 
heating system. Fig. 44 shows an elevation of a steam header 
properly connected and Fig. 45 a plan of the same. 
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Fig. 41. — A Swing Joint at Bottom of Riser. 
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Fig. 42. — Method of Anchoring a Riser. 
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STEAM HEATING 

43. Q. What is an equalizing pipe, and' for what use is it 
employed? 

A. When two or more boilers are connected together or in 
battery a pipe connection between the steam space of each boiler, 
with a drip connecting to the return header, equalizes the pressure 
in the boilers and maintains an equal water-line in each. A large 
drip pipe connecting the header of a boiler with the return is also 
known as an equalizing pipe. It drains the condensation from the 
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Fig. 43. — Riser Supported on Floor Plate. 



header and equalizes the pressure on the return. An equalizing 

pipe of this character is shown in the illustrations, Figs. 44 and 45. 

44. Q. What is a return header, and for what purpose is it 
used? 

A. When two or more boilers are connected together it is ad- 
visable to run a pipe across the rear of the boilers and connect the 
return openings of each boiler to it. This is called a return header 
and its use permits an equal distribution of the return water to 
each boiler. The return pipes from the heating system may then 
be connected to this header at any convenient point. Fig. 46. 
On work requiring a single sectional boiler of large size it is advisable 

to use a return header. 
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Fig. 44. — Showing Steam Header on Boiler. — Elevation. 
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Pig. 45.— Showing Steam Header on Boiler.— Plan. 
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STEAM HEATING 

45. Q. When it is necessary to pass over a beam with the 
main of a circuit job, how can the condensation be taken care of 
without bleeding or dripping the main? 

A. By a drainage connection from the main on one side of the 
beam to the main on opposite side as shown by Fig. 47. The 
condensation will rise to its level on the low side and continue along 




Fig. 46.— Return Header on Boiler. 
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Fig. 47.— Method of Crossing I Beam With Main. 



the bottom of the main. The small pipe for conveying the con- 
densation under the beam should be of sufficient size to pass all 
water and it should be carefully graded to pitch with the main. 
Provisions for draining the pocket may be made if desired by using 
a plugged tee at the low end in place of an elbow or inserting a 
drainage cock at this point. 
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i. Q. How are hot water heating systems classified? 

A. As open systems — meaning systems which are open or 
vented to the atmosphere — and closed systems, which are systems 
closed to the atmosphere by sealing the outlet of the expansion 
tank. The latter is sometimes designated as a "pressure" system. 
There are several methods of installing the piping for either system 
and each of these methods is frequently called a "system" although 
they differ only in the manner of installations, the principle of 
circulation remaining the same. 

2. Q. What type of hot water apparatus was the first to be 
employed commercially? 

A. The closed or high pressure system. This was first in general 
use in England and was known as the Perkins system from the 
fact that a firm of foundrymen and engineers named Perkins and 
Son developed and used this system. 

3. Q. When did hot water heating come into general use in 
the United States? 

A. Not until the period 1875 to 1885, although hot water heat 
had been extensively used in Canada for several years previous to 
1875. 

4. Q. What system of piping was employed at this time? 

A. The open tank systeih was the method ordinarily used 
although the closed or pressure system had also been employed to 
some extent, but had never met with popular favor. 

5. Q. What advantages are claimed for the closed system? 

A. The ability to carry a higher temperature of the water 
without boiling than is possible with an open system. Water in 
an open vessel at sea level boils at a temperature of 212 degrees, 
but when confined increases in temperature according to the pres- 
sure carried on the system. Smaller piping, fittings and valves 
are used on a pressure system than are required for an open tank 
system. 

The following table gives the temperatures of hot water from 
the boiling point (the limit of temperature in an open system) to- 
a pressure of 25 pounds — a temperature of 269.1 degrees. 
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6. Q. What method is commonly employed to seal a hot 
water system and what precaution is it necessary to provide for 
safety? 

A. A safety valve is placed on the outlet to the expansion tank. 
This safety valve is set to operate at a nominal pressure, possibly 
10 pounds. This valve should be examined frequently to see that 
it is in working order and operative at the pressure at which it is 
set. Should the valve stick or fail to operate an excess of pressure 
might accumulate which would rupture the apparatus and cause 
damage to the property and possibly endanger the lives of those 
occupying the building in which the apparatus was installed. 



TABLE 


OF TEMPERATURES AND PRESSURES. 


Pressure per 
Square Inch. 


Temperature. 


Pressure per 
Square Inch. 


Temperature. 


lbs. 




212 deg. 


4 lbs. 


225.6 deg. 


H " 




214.5 " 


4H " 


227.1 " 


1 




216.3 " 


5 


228.5 " 


1H " 




218 


7H " 


235.1 " 


2 




219.6 " 


10 


241. 


2H " 




221 . 2 " 


15 


251.6 " 


3 




222.7 " 


20 


260.9 " 


*H " 




224.2 " 


25 


269.1 " 



7. Q. Why is the open tank system preferred to the pressure 
or closed system? 

A. It is safer and more readily adapted for ordinary hot water 
installations. It being open to the atmosphere is absolutely safe 
under all conditions. It is also more readily attended or operated 
by an inexperienced person. 

8. Q. What causes hot water to circulate through an open 
tank gravity system? 

A. The principles of hot water circulation are now very generally 
understood. A cubic foot of water at a temperature of 40 degrees 
weighs 62.42 pounds. A cubic foot of this water when heated to 180 
degrees weighs but 60.55 pounds. In heating the water it expands 
and becomes lighter, increasing in volume about 5 per cent, when 
heated to 180 degrees. When confined in a vessel and heated it 
will expand upward. 

Hot water circulation is the result of the law of gravitation. In 
a hot water system .as the water in the boiler expands and becomes 
lighter the colder water returning to the boiler, which is denser 
and heavier, crowds the lighter, heated water upward, thus estab- 
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lishing a circulation through the system of piping and radiators; 
therefore it is the difference in weight or specific gravity between 
the flow and return columns above the source of heat energy that 
causes the circulation of the water, and the greater this difference 
in weight the greater will be,the velocity of the circulation. 

9. Q. Is the open tank system operated under a pressure? 
A. Yes, although it is not generally thought of as being operated 

under pressure. The average open tank system is operated under 
a pressure of from 15 to 20 pounds; this pressure is due to the 
height of water in the system. 

10. Q. How many methods or systems of low pressure or 
open tank hot water installations are in general use? 

A. Three; the regular two-pipe system, the overhead system 
and the circuit or single main system. 
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THE TWO-PIPE GRAVITY SYSTEM OF HOT WATER 

HEATING. 

i. Q. Describe the regular two-pipe system. 

A. The two-pipe system of hot water heating consists of a series 
of flow pipes leading from the boiler to the various radiators or 
heating surfaces and a corresponding or companion set of return 
pipes leading from the radiators to the boiler. Formerly, or during 
the period when hot water was first used, it was customary to run 
separate Sow and return pipes to each large radiator or group of 
radiators with the result that frequently as many as eight or ten 
separate flow and return pipes were employed. At the present 
time, out one or two main flow and return pipes are to be found on 
an average sized job, each of the flows serving to supply a number 
of radiators, the pipes being installed sufficiently large for the 
purpose. The circulation to each radiator is guided by a certain 
character of pipe connection intended to equalize the flow and 
divide it equally among the several radiators supplied. 

The general design of this system is shown by Fig. 48. 

2. Q. Is the main run full size to the end of it or to the last 
radiator supplied? 

A. No. It is customary to reduce the size of the main as the 

branches are taken off or supplied. The main should not be 

reduced too rapidly as the water is colder and the circulation 

slower as the end of the line is approached. 

3. Q. What conditions the size of piping required for mains 
or branches? 

A. The area of the valves on the radiators supplied. The area 
of the main flow should always equal or exceed the combined areas 
of all radiator valves and in reducing as the various branches and 
radiators are connected the area should remain sufficient to supply 
all radiators ahead of or beyond the point of reduction. 

4. Q. What should be the area of the main at the end or 
point where the last radiator is supplied? 

A. At least one, and preferably two, pipe sizes larger than the 
vertical pipe leading to the radiator valve. 

5. Q. How should the branches be taken from the main on 
a two-pipe gravity system? 

A. The branches which supply risers leading to upper floors 
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should be taken from the side of the main. There is always a 
tendency for the flow of hot water to seek the highest point and 
branches to risers if taken from the top of the main would rob the 
circulation to first floor radiators. When the side connection is 
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Pig. 48.— The Two-Pipe Gravity System of Hot Water Heating. 



used the first water heated (which always occupies the top part 

of the main) passes along to the connections of first floor radiators, 

and the branches to risers do not receive their supply until the hot 

wat&r in the main has filled it sufficiently to feed through the side 

connection. Fig. 49. 
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6. Q. How should the branches to first floor radiators be 
connected? 

A. From the top of the main with a 90 degree ell or at an 
angle of 45 degrees as illustrated by Fig. 50. The 45 degree con- 
nection is preferred. 

7. Q. When it is necessary to divide the main into two flows 
leading in opposite directions, what type of fitting should be 
employed? 



pig. 49.— -Branch Taken From Side of Main. 

A. A double elbow. A tee should never be used for this purpose 
on account of the friction at this point. The double elbow divides 
the flow evenly with the least friction possible. Fig. 51. 

8. Q. What position does the return main occupy? 

A. The return main follows the direction of the flow and is 
usually placed directly by the side of the flow (within a distance of 
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Fig. 50.— Branch Taken From Main With 45 Degree Connection. 

from eight to twelve inches) until the boiler is reached, when there 
is a vertical drop to connect into the return opening of the boiler. 

9. Q. How are return branches from first floor radiators con- 
nected into the return mains? 

A. On the side in order that the return circulation from one 
radiator or riser will not block the return from another should 
the temperature of the water in them be unequal. 
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10. Q. How are return branches from risers to upper floors 
connected to main? 

A. Into the side of the bottom with a 45 degree connection. 
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Pig. 51.— Double Elbow Used to Divide Main. 

ii. Q. How are riser connections to upper floors made from 
a riser supplying a second floor radiator? 

A. The radiator on the second floor should be connected from 



Risers to upper floor. 
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Method of conn e c t/ny se c and ffoor >Po of 
and risers to f/oor above 

Fig. 52.— Method of Connecting Hot Water Risers. 

the top of the riser to the second floor and the risers supplying 
radiators to upper floors should be taken from the side of the riser 
supplying the second floor below the connection to the radiator. 
Fig. 52. 
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HEATING 

ia. Q. When two radiators on the same floor are supplied 
from a single riser how should they be connected? 

A. The connection from the top of the riser should supply the 
larger radiator. The side connection from the tee on riser should 
supply the smaller radiator. Fig. 53- 

13. Q. With both radiators of equal size how should they be 
connected? 

A. Generally by reducing the size of the pipe connection to the 
radiator connected from the top of the riser. 

14. Q. In cutting and threading the piping what precaution 
should be observed? 
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Pig. 53. — Method of Connecting Hot Water Risers. 



A. The burr left on the pipe by the cutting tool should be 

removed by reaming. On small pipes the burr left by the cutting 

tool will reduce the pipe one size and cause sufficient friction to 

seriously interfere with the velocity of the flow of water through 

the pipe. 

15. Q. What provision is made for the expansion of the 
water in a hot water system to prevent overflowing when heated? 

A small tank called an expansion tank is usually provided; it 

is located at the top of the system or above the highest radiator 

and from the bottom of the tank a pipe called an expansion pipe 
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is connected to the return from one of the highest radiators or the 
return at the boiler; from the top of the tank a vent pipe leads 
to the atmosphere. 

1 6. Q. What expansion of the water takes place in an ordi- 
nary hot water system? 

A. Water as used in the ordinary hot water heating apparatus 
expands about 1-24 or 1-25 of its volume. 



EXPANSION TANKS. 



No. 


Size — Inches. 


Gallons — Capacity. 


Square Feet Direct 
Radlitloo Supplied. 





10 X 20 


8 


250 


1 


12 x 20 


10 


300 


2 


12 x 30 


15 


500 


3 


14 x 30 


20 


700 


4 


16 x 30 


26 


950 


5 


16 x 36 


32 


1300 


6 


16 x 48 


42 


2000 


7 


18 x 60 


66 


3000 


8 


20 x 60 


82 


5000 


9 


22 x 60 


100 


6000 



17. Q. What size of expansion tank should be used for the 
open tank hot water system? 

A. Based upon the expansion of water as stated above the 
following table of sizes of expansion tanks will be found sufficient 
for general use. 
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THE CIRCUIT SYSTEM OF HOT WATER HEATING. 

i. Q. Describe what is known as the circuit system of hot 
water heating. 

A. The circuit system or as it is sometimes known, the single 
main system, is installed with a single main supply pipe which 
makes a circuit of the basement of the building in quite the same 
manner as the main of a single or one-pipe steam system. This 
main acts as both flow and return. The hottest water in a hot 
water main is always at the top of the main, the cooler water at 
the bottom, and on this fact the principle of the circulation of a 
circuit system is based — two ^bodies of water at different tempera- 
tures flowing through the same pipe. The main rises from the 
boiler to a point as high as desired and makes a circuit of the base- 
ment pitching downward from the boiler or up to a point which is 
called the high point of the main and from this high point whether 
it is immediately above the boiler or at some other part of the system 
the expansion tank is connected in order to relieve the air in the 
system from the high point. The radiators are connected with a 
flow and return branch, and risers are connected in the usual man- 
ner. Flow branches are connected from the main at the top and 
return branches enter the main at the* bottom or at the side of the 
bottom. Fig. 64. 

2. Q. What special fittings can be employed to advantage 
on the main of a circuit system? 

A. There are several special fittings manufactured which assist 
in dividing the flow and return circulation; among these are the 
Eureka Fitting shown by Fig. 55, and the Phelps Single Main Tee 
shown by Fig. 56. 

The Eureka fitting has a double compartment which allows the 
return water to enter the fittings and which joins the water in the 
main through an opening at the bottom of the fitting without inter- 
fering with the flow of hot water from the same. The Phelps single 
main tee is a tee with an extra outlet which is located at the side 
of the bottom which is used for the return connection. Either of 
these special fittings assists in separating the flow and return and in 
increasing the circulation through the system. 

3. Q. What should be the size t>f the main for a circuit or 
single main system? 
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A. As a rule the size of the main should be estimated by con- 
sidering the size of the radiator valves or radiator connections. 
The size of main is also dependent somewhat upon the length of 
the circuit. If in making the circuit of the basement a main of 
considerable length is necessary it is well to increase the size of 
main owing to the fact that the temperature of the water in each 
leg of the main is considerably reduced, that is to say, the water 
in the last leg of the circuit is considerably cooler than that in the 
main as it leaves the boiler. 

4. Q. In proportioning the radiation for a single main sys- 
tem what fact must be considered? 

A. The fact mentioned above as to the cooling of the water in 
the main. The radiation attached or supplied from the last leg of 
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Fig. 54.— The Eureka Fitting. 



the main should be figured quite a little stronger than that con- 
nected nearer to the boiler. 

5. Q. Is the single main or circuit system an open tank 
system? 

A. It may be the open tank or the closed tank system. Prob- 
ably the best results are obtained where the water is circulated 
under a slight pressure as the rapidity of the circulation when used 
as a pressure job increases the temperature of the water sufficiently 
to reduce the amount of loss in making the circuit of the building. 

6. Q. What should be the pitch of the main for a circuit 
system? 

A. The main should have the usual pitch of J^ to 1 inch in each 
10 feet of length. 
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7. Q. How are the branches run and the risers and radiators 
connected for this system? 

A. The same as for the regular two-pipe system. 

8. Q. What size of pipe should be employed for the main of 
a circuit system? 

A. The size of main is conditioned largely by circumstances 
such as the square feet of radiation supplied, the length of the cir- 
cuit and the number of radiator connections. 

The following table shows what may be considered as an average 
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Fig. 55.— The Phelps Single Main Tee. 

amount of radiation which can be supplied by a circuit main of 
given size: 

SIZE OF MAINS FOB CIRCUIT SYSTEM. 

Site of Direct Radiation 

Main. Supplied. 

2 inch 175 to 250 square feet 
iy 2 inch 300 to 450 square feet 

3 inch 500 to 650 square feet 
3H inch 700 to 900 square feet 

4 inch 1,000 to 1,500 square feet 

5 inch 1,600 to 2,200 square feet 

6 inch 2,400 to 3,000 square feet 
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THE OVERHEAD SYSTEM OF HOT WATER HEATING. 

i. Q. Describe the overhead system of hot water heating. 

A. The overhead system of hot water heating as its name 
implies is a method of supplying hot water to radiators located on 
various floors from a system of piping which is run overhead at 
the top of the building. The mains may be suspended from the 
ceiling of the top floor or be run through an attic or loft if such is 
available. Fig. 56. 

A single large pipe riser (or risers) is run in the most convenient 
manner to the attic or top of the building and there is distributed 
through mains and branches to risers dropping down to the base- 
ment through the various floors supplying the various radiators 
connected to each riser. 

The top of the main riser is the high point of the system and 
from this point all pipes pitch downward. The top of the riser 
being the high point of the system the expansion tank is connected 
from this point in order to relieve the air in the system when filling 
or which may accumulate later at this point. 

2. Q. What advantage has the overhead system of piping 
over the ordinary two-pipe up-fed system? 

A. As the supply riser or risers leading to the upper or top floor 
are the largest pipes on the system the water rises to the high 
point without the amount of friction usually found in several 
smaller pipes and in its descent through several smaller pipes 
supplying the radiators the friction is largely eliminated or taken 
care of by the weight of the water in the system which increases 
the circulation through the pipes and radiators. The circulation 
in an overhead system is much more rapid than is found in the open 
tank up-fed system and the results obtained from a given amount 
of fuel burned are very much greater than those obtained with the 
up-fed system. The use of this method also lacks one of the ob- 
jectionable features of the regular two-pipe system; namely, the 
constant trouble from air accumulating in the upper radiators. 
The overhead system is installed without the use of air valves as 
all pipes pitch upward towards the top of the main riser and from 
this point all air is expelled to the tank, rendering the use of air 
valves unnecessary. 
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3. Q. What is the method of supplying the branches from 
the various mains at the top of the system? 

In order to prevent air pockets which would interfere with 
circulation all branches are taken from the bottom of the main 
with a 90 degree or a 45 degree elbow; the 45 degree connection as 

shown by Fig. 57 is preferred. 

■ 
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Pig. 5&— The Overhead System of Hot Water Heating. 



4. Q. What method is used to support the large risers carry- 
ing the supply of heated water to the top of the system? 

A. As the main riser or risers leading to the upper floor are 
the largest pipes on the work and contain the greatest weight of 
water it is difficult to support the same with ordinary hangers, and 
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it is good practice to use a fitting at the bottom of the riser known 
as a base elbow which should rest on a brick or cement pier support- 
ing the riser. 

5. Q. What should be the size of expansion tank for use 
with the overhead system? 

A. The same size as for the regular two-pipe system. 

6. Q. What should be the size of the main riser or risers for 
the overhead system? 

A. The area of a main riser or risers should be equal to the 
valve areas of all radiators supplied. This rule is the same as 
used for the regular system of two-pipe heating. 

7. Q. What should be the size of the branches supplying the 
drop risers? 




Fig. 57. — Method of Connecting Branch for Overhead System. 



A. The size of branches should be the same as for the two-pipe 
system. As a rule each branch should have an area equal to the 
valves on the radiators supplied by it. 

8. Q. What should be the size of the drop risers for use with 
the overhead system? 

A. As the water is the hottest at the top of the system and 
cools and contracts in its descent it would seem that the riser might 
be reduced in size at the bottom of the system. This, however, 
is not good practice and on ordinary work it is best to run the 
drop risers full size to the bottom of the system; this size being 
sufficient to supply the various radiator connections fed by it. 
The piping sizes are very important for this system and in many 
cases are obtained more from practice than by calculation. 

9. Q. How many valves are necessary on the radiator con- 
nections for the overhead system? 
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A. It is customary to use but one valve and this may be placed 
on the flow or on the return connection as may be desired. It 
is customary to make the flow connection at the top of the radia- 
tor and the return connection at the bottom of the same end of 
the radiator. 

10. Q. What should be the size of the radiator valves and 
connections? 

A. The connections for radiators of 50 square feet or less should 
be 1 inch. For larger radiators 1% inch will be sufficient. The 
velocity of the circulation should be figured on large work and the 
size of connections should be based upon the velocity of the flow. 

ii. Q. How should the radiators be connected? 

A. At the top and bottom of one end. It is good practice to 
run the drop riser near the wall and to make swing joint connections 
to the radiators. 
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BOILER, RADIATOR, AND PIPE CONNECTIONS FOR 
GRAVITY SYSTEMS OF HOT WATER HEATING. 

i. Q. What trimmings or special appliances should be placed 
on every hot water system? 

A. An altitude gauge and a hot water thermometer. 

a. Q. Describe an altitude gauge and explain its use. 

A. An altitude gauge is a spring gauge having a dial pointed off 

and numbered to represent the height of the water above the 





Fig. 58.— The O S Fitting. 



gauge in feet. It is built on the same principle as a Bourdon steam 
gauge. Any increase in pressure due to height of the water spreads 
or opens the hollow curved tube inside of the gauge; this action is 
transmitted by levers to the pointer on the dial which at once 
swings around to register the increased height of the water. This 
pointer is black. An additional red pointer, which is stationary, is 
placed on the dial. When the system has been completely filled 
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with water the position of the black pointer showing the height of 
the water is noted, the face of the gauge removed, and the red 
pointer is moved with the fingers to a corresponding position. 
Should the water be lowered by evaporation or otherwise the 
fact will be shown on the altitude gauge at the boiler, the reduced 
pressure allowing the black pointer to fall back from its former 
position and additional water should then be added to the system 
until the black pointer returns to its former position over the red 





Fig. 59.— O S Fittings Used on Drop Supply Risers. 



pointer. The loss of water is indicated and the system refilled to 
the proper height at the basement without the necessity of climbing 
to the top of the building to examine the water gauge on the ex- 
pansion tank* 

3. Q. What is a hot water thermometer and for what pur- 
pose is it employed on a hot water heating apparatus ? 

A. This thermometer is an ordinary temperature thermometer 
with the bulb containing the mercury or liquid encased in a thin 
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brass cup which is usually screwed into an opening or tapping of 
the boiler arranged for the purpose. Its purpose is to correctly 
register the temperature of the water in the boiler as a guide for 
the attendant in adjusting the dampers of the boiler to provide 
the proper degree of warmth in the building. 

4. Q. What should be the temperature of the water at the 
boiler on an open tank system in coldest winter weather? 

A. The best results are obtained from a system with a boiler 
and radiators of sufficient size to furnish the proper heat with the 
water at 180 degrees at the boiler; a less temperature than this is 
better and a higher temperature is not considered economical. 

5. Q. At what temperature should the water return to the 
boiler? 



Fig. 60.— Radiator Connected at Bottom of Both Ends. 

A. Generally speaking at a temperature not more than 20 de- 
grees cooler than the flow. On a well proportioned job this differ- 
ence is very much less than 20 degrees. 

6. Q. What should be the size of the flow pipes out of the 
boiler? 

A. The same area as the mains which they feed. 

7. Q. When a header is used to connect two boilers or two 
or more openings of the same boiler what should be its size? 

A. The header should have an area equal to or exceeding the 
area of all mains or flow pipes supplied by it. 

8. Q. What should be the size of the return header? 

A. The same area as the flow. The return header should 
always be connected identically with the flow header. 
00 
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9. Q. What special type of fitting is recommended for hot 
water work? 

A. The O. S. Distributing Tee. 

10. Q. What is this fitting and why superior for hot water 
work? 

A. Fig. 58 shows the character of the fitting. It is particularly 
serviceable for use on risers to divide the flow between the various 
floors and saves extra elbows and nipples in making such connec- 
tions. It is also employed to good advantage on the drop risers of 
an overhead system. Fig. 59 shows its application. 

11. Q. Why is it called an "O. S." fitting? 

A. It is so called as O. S. are the initials of the heating engineer 
who designed and patented it — Oliver Slemmer of Cincinnati, Ohio. 
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Fig. 61. — Radiator Connected at Top and Bottom of Opposite Ends. 



ia. At what point of a hot water system should the water 
connection for filling it be made? 

A. At the bottom or lowest point in order to better force the 
air from the piping and radiators. 

13. Q. How is the air removed from the radiators? 

A. Through common compression air valves. These are lock 
and shield valves operated with a key in order that the valve may 
not be tampered with or inadvertently opened, thus allowing the 
water in the system to escape. 

14. Q. How should a hot water system be filled? 

A. Open all of the air valves and turn on the water. When the' 
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* 

lower or first floor radiators are partially filled close all of the air 
valves until the water had reached the floor above; then open the 
air valves on the first floor radiators one by one until the air in each 
radiator has escaped and it is filled with water, then proceed to the 
next floor above and repeat the method. Finally when all radiators 
are filled allow the water to run until the expansion tank is about 
one-quarter filled. The system is then ready for firing. 

15. Q. When radiators are located below the main piping 
system or on a level of the boiler how should they be supplied? 
A. ' By a connection taken from a riser to an upper floor at such 




Fig. 62. — Radiator Connected Top and Bottom of Same End. 



a height that a pressure from the weight or height of water in the 
connection will circulate the water through the radiator. 

16. Q. How are the radiators connected for hot water heat- 
ing? 

A. On the ordinary system, and also on a circuit system, three 
methods may be used in connecting the radiators, (a) The flow 
may be connected at the bottom of one end and the return at the 
bottom of the opposite end. Fig. 60. (b) the flow may be connected 
at the top of one end and the return at the bottom of the opposite 
end. Fig. 61. (c) the flow may be connected at the top of one end 
and the return at the bottom of the same end. Fig. 62. 
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17. Q. What style of connection is most frequently em- 
ployed? 

A. The first method with flow and return at bottom of opposite 
ends. 

18. Q. How are radiators connected for the overhead sys- 
tem? 

A. Usually with the flow at the top and the return at the bottom 
of the same end and swing joints are employed on the drop riser 
in making the connection. Fig. 63. 

19. Q. What should be the size of the radiator tappings for 
an ordinary system of hot water heating? 

A. The lower floor tapping should be larger than that for the 

second or upper floors. 




Fig. 63. — Radiator Connected for Overhead System. 



20. Q. What is the reason of this? 

A. There is a tendency for the hot water in circulation to pass 
immediately to the upper floors and for this reason the connections 
for upper floors must be choked by reducing their size and the 
connections to first floor radiators are favored by increasing their 
size. 

The following table gives the sizes of radiator tappings that 
will be found best for open tank hot water work. This table varies 
somewhat from the standard table published by radiator manu- 
facturers: 
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RADIATOR TAPPINGS FOR HOT WATER. 

(Open Tank Up-Fed System) 

First Floor. 
Size of Radiator Size of Tapping 

25 square feet or less % inch 

25 to 50 square feet 1 inch 

50 to 85 square feet \\i inch 

85 to 125 square feet 1 ^ inch 

Second Floor. 
40 square feet or less 
40 to 60 square feet 
60 to 100 square feet 
100 to 175 square feet 

Third and Higher Floors. 
50 square feet or less 
50 to 80 square feet 
80 to 125 square feet 
125 square feet and larger 

Hot Water Radiator Tappings. 
(Indirect Heating.) 

Size of Radiator Size of Tapping 

50 square feet or less 1 inch 

50 to 100 square feet 1% inch 

100 to 160 square feet 1J^ inch 

160 square feet and larger 2 inch 

21. Q. What pitch should be given to the mains of a hot 
water system? 

A. They should pitch up from the boiler from H to 1 inch for 
each 10 feet of length. 

22. Q. What pitch should be given to the branches? 
A. At least 1 inch in each 5 feet of length. 

23. Q. What should be the size of the main? 

A. The sizes of the mains are conditioned by the square feet 
of radiation supplied, which in turn conditions the size of the valves; 
therefore we may say that the area or size of a hot water main is 
conditioned by the valve area supplied by it. Its cross sectional 
area should equal or exceed the area of all valves supplied. 
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34. Q. How are the sizes of branches determined? 

A. By the same method. Under ordinary conditions the 
following table will give the sizes of pipe required to supply a given 
amount of radiation. This table is compiled from standard 
authorities and represents the maximum amount of radiation 
that should be placed on a pipe of any given size. 



SIZES OF MAINS AND BRANCHES. 





Main*. 


Branches and Risers 
Square Feet of Surface in Radiators. 


Size of 

Pipe 
Inches. 


Square 

Feet of 

Surface 

In Direct 

Radiation. 


To 
First 
Floor. 


To 
Second 
Floor. 


To 
Third 
Floor. ' 


To 
Fourth 
Floor. 


X 
1 

2 

2H 
3 

4 

5 
6 


135 

220 

350 

460 

675 

850 

1,100 

1,350 

1,700 

3,600 


50 
110 

180 
290 
400 
620 
820 
1,050 
1,325 


40 
75 

120 
195 
320 
490 
650 
870 
1,120 
1,400 


45 
80 

135 
210 
350 
525 
690 
920 
1,185 
1,485 


50 

85 

150 

230 

370 

550 

730 

970 

1,250 

1,560 
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ACCELERATED HOT WATER HEATING. 

i. Q. What is an accelerated system of hot water heating? 

A. A system in which the circulation of the water is assisted 
or accelerated by employing some special device which seals the 
system to the atmosphere and maintains a slight pressure on it. 
This pressure accumulates until it equals approximately ten pounds 
or until the water in the system has reached a temperature of 140 
or 150 degrees (dependent upon the kind of appliance employed) 
when it is relieved automatically by the operation of the device 
which breaks the seal and permits all excess expansion of the water 
to pass to the expansion tank. 

2. Q. In what way has the accelerated system an advantage 
over the sealed tank or ordinary pressure system? 

A. As has already been explained, the employment of a safety 
valve in sealing the outlet of the expansion tank, in order to oper- 
ate the system under a pressure, is a dangerous practice. Not so, 
however, when a special device is used. Such devices are set to 
work automatically and to operate when the pressure has reached 
the point at which they are set. Some of the devices at pres- 
ent in use operate with a mercury seal which holds the pressure 
to a given point, others employ a balanced valve, and still others 
make use of a spring which controls the mechanism of the valve. 

3. Q. What are the advantages of an accelerated system over 
the regular open tank gravity method? 

A. Greater flexibility and a greater range of temperatures. 
More heat units given off per square foot of radiation per hour, 
enabling a considerable reduction in the amount of radiation re- 
quired, and owing to the increased velocity of the circulation much 
smaller pipe, fittings, and valves are used for the accelerated systems 
than would be required for the open tank systems. 

4. Q. What names are given the devices described? 

A. Generators, Heat Generators, Heat Economizers, Heat 
Retainers, etc. 

5. Q. What device was first employed to accelerate the cir- 
culation in a hot water system? 

A. It is probable that the Honeywell Generator was the first 
mercurial device to be used for this purpose and the Phelps Heat 
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Retainer was one of the first devices of the balanced valve type 
to be put on the market. 

6. Q. What is the construction of the Honeywell Generator? 

A. A sectional illustration is shown by Fig. 64. The generator 
is composed of two hollow castings which are joined by a wrought 



Pig. 64. — Sectional View of Honeywell Generator. 

iron pipe. The upper casting is elliptical in shape and is called a 
separating chamber, the bottom casting is bottle shaped. This 
is called the mercury pot. The illustration shows the general 
construction of the device. A small pipe called a circulating pipe 
is held in position on the interior of the pipe connecting the castings. 
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This connecting pipe is screwed down through the neck of the 
bottle shaped casting to a point near the bottom of it and a shoe 
somewhat the shape of a reducing coupling is screwed on the pipe 
at the lower end. The small circulating pipe is attached to and 
has its Inlet through the side of the shoe. A plug is screwed into 
the bottom of the lower casting which is then partially filled with 
mercury, a sufficient quantity (about 1 inch in depth in the mercury 
pot) being used to hold the pressure in the system until a pressure 
of 10 pounds has been reached. 



Fig. 65. — Generator Connected to System in Basement. 

7. Q. What is the action of the generator in operation? 

A. The expansion pipe of the system is connected into the side 
of the bottle shaped casting above the mercury. The pipe leading 
to the expansion tank is connected from separating chamber at 
the top of the generator, Fig. 65. The mercury in tbe'generator 
is between the water in the system and the water in the expansion 
tank. When the water is cold the mercury lies at the bottom of the 
mercury pot. As the water in the system is heated it begins to 
expand, the expansion pressing downward upon the mercury through 
the side connection to the mercury pot, thus forcing it upward 
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in the connecting and circulating pipes. The mercury rises higher 
and higher in the pipes as the pressure increases until a pressure of 
approximately 10 pounds has been reached, when the generator is 
in full and complete operation. Fig. 66. 

The mercury has now been forced to the top of the pipes and 



Fig. 66. — Generator in Full Operation. 

begins to circulate, passing upward through the circulating pipe 
and downward through the larger pipe connecting the castings. 
The small circulating pipe extends above the larger connect'"" n*«fl 
and the difference in height and weight of the merer 
pipes starts the circulation. Any water carried upv 
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mercury through the circulating pipe separates from the mercury 
in the upper casting or separating chamber. The weight of the 
mercury holds or maintains the pressure. 

8. Q. What other mercurial devices are used for accelerated 
heating? 

A. The Milwaukee Tank Generator, the Pierce Heat Economizer 
the Klymax Heat Economizer and several others. 
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Fig. 67.— The Milwaukee Heat Generator. 



9. Q. How do these appliances operate? 

A. The Pierce Heat Economizer is in many respects quite 
similar to the Honeywell Generator in construction and operation. 
The Milwaukee Heat Generator is placed in the upper part of the 
expansion tank with the separating chamber above the tank. Its 
appearance is shown by Fig. 67. The Klymax Heat Economizer 
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is a mercury device placed on the expansion line below the tank or 
between it and the heating system. 

10. Q. Describe the Phelps Heat Retainer. 

A. The Phelps Heat Retainer operates by the opening and 
closing of a double acting valve. The valve opening to the tank 
and atmosphere is weighted and operates only when the water in 
the system has reached a temperature of 250 degrees or about 16^ 
pounds pressure. 
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Fig. 68.— The Phelps Heat Retainer. 



The valve is encased in a cast iron boxing and the device is 
connected to the heating system immediately below the expansion 
tank. When the pressure increases above 16J^ pounds the valve 
leading to the expansion tank operates, allowing the expansion to 
reach the tank. When the pressure goes below 16^ pounds the 
weight closes this valve and the shrinkage of the water opens the 
retainer valve, allowing it to flow back into the system. Fig. 68 
shows the appearance of the device and the method of connecting 
it to the system. 
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xi. Q. What other generator operates on the principle of a 
double valve? 

A. The Belknap Generator. 

f 2. Q. Describe the installation and operation of the Bel- 
knap Generator. 

A. Fig. 69 shows the interior of the device and the controlling 
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Fig. 69.— The Belknap Generator. 



valves A and B. It is placed on the expansion line between the 
tank and heating system. 

As the water expands a pressure is created against the valve B. 
The spring of valve Ais adjusted to withstand apressure of 10 pounds. 
When the pressure rises above 10 pounds valve A opens and allows 
the excess expansion of the water to pass the tank. As the pressure 
lowers a vacuum is created in the system which, aided by the static 
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pressure of the water above the valve, causes it to open and allows 
the water to return again to the system. 

13. Q. What other devices are used for placing a system 
under a slight pressure? 

A. There are several other devices used for the purpose, some 
operating with valves and some without valves. The B Heat 



Fig. 70.— The B Heat Inteniifier. 

Intensifies is one of the spring valve variety. An interior of this 
is shown by the illustration Fig. 70, which displays the mechanism 
of the double acting valve. Like other devices of the kind it is 
placed on the expansion line under the tank or in the basement 
near the boiler. 

14. Q. What is known as the Honeywell System of acceler- 
ated heating? 
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A. Mr. M. C. Honeywell in the development of the Honeywell 
Generator devised, and experimented with, certain styles of pipe 
connections designed to equalize the flow of the water through 
the system, and this, together with the generator, has come to be 
known as the "Honeywell System." 

15. Q. What size of piping is employed for a Honeywell 
system as compared with an open tank system? 

A. Pipe sizes are very much smaller for use with an accelerated 
system due to the fact that smaller valves and radiator connections 
are employed. The small sizes of piping used are based not alone 
.on valve areas, but on the rate of heat transmission from radiators 
located at different heights and the velocity of the flow to the 
radiators thus located. 

16. Q. What sizes of valves are required for the radiators 
when attached to an accelerated system? 

A. For radiators located on first floor. 

25 square feet or less J^inch valve 

25 to 50 square feet %-inch valve 

50 to 125 square feet 1 -inch valve 

For radiators located on second floor: 

30 square feet or less J^-inch valve 

30 to 125 square feet %-inch valve 

125 square feet or more 1 -inch valve 

For radiators located on third (or upper) floor: 

40 square feet or less J^-inch valve 

Over 40 square feet J^-inch valve 

17. What rules are given for the successful installation of 
accelerated piping? 

A. Rule 1. The main should always end at a first floor radia- 
tor. If this radiator is 40 square feet or less in size a %-inch 
valve may be used. For radiators exceeding 40 square feet a 1-inch 
valve should be used, and the size of the main at its termination 
should be two pipe sizes larger than the connection to the radiator. 

Rule 2. A branch should never be connected from the top of 
a main. There are three styles or types of radiator or branch 
connections from the mains as employed on Honeywell or accele- 
rated systems. These are known as the "A," "B" and "D" con- 
nections. Fig. 71. 

The "A" connection is employed in taking a branch from the 
main to supply a first floor radiator or a branch to a first floor 
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radiator which also supplies a riser to an upper floor. This con- 
nection is employed only at points where no reduction in the size 
of the main is made. 

The "B" connection is employed for the same purpose at points 
where a reduction is made in the size of the main in order to relieve 
it of air which would otherwise collect at this point. The eliminat- 
ing of air pockets is an important step towards the installation of a 
successfully working system. 
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Fig. 71. — Method of Branching From 



The "D" connection is employed in taking branches from a 
main to supply risers to upper floors and may also be used to con- 
nect a branch to a first floor radiator located very near the boiler 
as its use in this manner prevents the short-circuiting of the circula- 
tion and materially assists in balancing the job. 

Rule 8. As the pipe sizes employed are small, any foreign sub- 
stance in the pipe will interfere with the circulation and all lengths 
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of pipe before placing in position should be stood on end and ham- 
mered to remove scale or the possible clogging of dirt, and all pipe 
should be reamed to remove the burr made by the cutting tool. 

Rule 4- When a radiator or a group of radiators are connected 
from the main at a point very near to the boiler the return circula- 
tion is quicker and hotter than that from distant radiators, and it 
is well to make a separate return connection from them, connecting 
the return into the side of the main return at the bottom of the 
boiler. This connection will help to equalize the circulation. 

z8. Q. What sizes of mains are employed for an accelerated 
system? 

A. The sizes of mains to be used for an accelerated system aj-e 

determined in the same manner as for an open system, namely, by 

the valve area of all radiators supplied. The main should never 

be reduced so that its area is less than the area of all valves beyond 

the point of reduction. 

19. Q. Are branches and risers for an accelerated system 
run or installed the same as for a gravity system? 

A. There is no difference whatever in the method of running 
branches and risers or connections to upper floor radiators other 
than has been stated in the rules given. The pitch of the main 
and the pitch of branches should be the same as for an open tank 
system. 

20. Q. Where should the altitude gauge be located on an 
accelerated system and why? 

A. The altitude gauge should be placed on the expansion pipe 
leading to the tank above the generator or device employed. It is 
placed thus to indicate the true height or weight of water in the 
system. Should it be placed on the boiler as with an open system 
any pressure registered on the system would be indicated on the 
gauge, the spring of the gauge opening so that the pointer would not 
register the height of the water correctly. 

21. Q. What size of expansion tank should be employed for 
use with an accelerated system? 

A. The same size as would be employed for an open tank 
system. There is no difference in the expansion of the body of 
water in the system, and the tank size should be sufficient to accom- 
modate the increase in bulk through 200 degrees range of tem- 
perature. 

22. Q. What amount of radiation is required for accelerated 
heating as compared with the open tank system? 

A. A reduction of 10 to 15 per cent, in the amount of radiation 
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required for an open system may safely be made for an accelerated 
system for the reason that range of temperatures is greater with 
the accelerated system. The limit of temperature with an open 
tank system is 212 degrees and this temperature is seldom reached 
without the water boiling. The limit of temperature of an accele- 
rated system, as has already been explained, is 240 or 250 degrees, 
depending upon the apparatus used, and hence less radiation is 
required. 

23. Q. When it is necessary to place the expansion tank of 
an accelerated system in a cold room or attic, requiring that it be 
circulated, what method of installation should be followed? 
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Pig. 72.— The Honeywell Tank Circulator. 



A. The tank cannot be circulated in the ordinary manner 
without destroying the pressure caused by the accelerator. It is 
therefore necessary to use a small heater called a tank circulator. 
This is a hollow casting having an inner and outer compartment. 
It is connected to the system in such a manner that the hot water 
in circulation passing through the inner compartment warms the 
water in the outer compartment which is connected directly to the 
tank. Fig. 72 shows the Honeywell tank circulator and a method 
of connecting it to the heating system. 
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24. Q. What method other than those described is used to 
force or accelerate the circulation through a hot water system? 

A. Pumps are sometimes employed to force the circulation, 
particularly on large jobs where the water is heated by exhaust 
steam. 

25. Q. What type of pumps is most frequently used? 

A. Pumps of the centrifugal type. These are driven by steam 
or by an electric motor. 

26. Q. What general method of installation is used? 

A. It is common on large work to place the pump in a position 
to receive the returning circulation and force it through a live or 
exhaust steam heater, and thence through the heating system. 
Some systems employ two heaters, one for exhaust, and the other 
for live steam. 

27. Q. What are the advantages of using two heaters? 

A. The coldest water of the return circulation is first forced 
through the exhaust heater, which tempers it. It then flows through 
the live steam heater, which heats it to the maximum temperature 
desired. 

28. Q. What methods of piping are especially adapted for 
use with this system? 

A. The overhead system and the circuit, or one-main, system. 
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EXPANSION TANK CONNECTIONS. 

i. Q. What general methods are employed in connecting 
the expansion tank to a hot water system? 

A. Three methods may be used: (a) Connecting the tank to 
the system without circulating the water to or in it; (b) connecting 
the tank to the system in such a manner that there is a circulation 
of hot water to the bottom of the tank; (c) connecting the tank in 
such a manner that the water in it will be circulated or heated. 
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Fig. 73. — Expansion Tank Connection — No Circulation. 

a. Q. Describe each of these methods. 

A. (a) This method is illustrated by Fig. 73. The expansion 
line may be connected from the return of one of the high radiators 
on the system as shown, or it may be run to the basement and 
there connect with the return at the boiler. 

(b) The method of connecting the tank to circulate the water to 
it is shown by Fig. 74. The flow pipe may be connected from 
any convenient flow riser and the return pipe to any convenient 
return riser at the top of the system. These are joined together 
immediately under the tank in the manner shown and the connec- 
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Fig. 74.— Expansion Tank Connection — Circulation to Tank. 
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tion to the tank from the top of the loop acts as an air vent, the 
water passing upward to the tank through the flow and downward 
through the return as the circulation is established in the system, 
(c) The flow connection to the tank should be connected into 
the side opening of the tank and may be run from any convenient 
flow riser. The return pipe in this instance is taken from the bottom 
of the tank and connects with a return riser. Fig. 75 illustrates the 
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Fig. 75. — Expansion Tank Connection — Circulation in Tank. 



method. The tank when connected in this manner should be kept 
at least one-third full of water, and owing to this fact a larger size 
of tank than would ordinarily be employed is necessary to give 
capacity for the natural expansion of the water when heated. 

3. Q. How should the vent pipe from the tank be con- 
nected? 

A. It may be connected as shown on either one of the illustra- 
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tions already given. It should always be connected from the top 
of the tank and should be run through the roof or through the side 
of the building near the tank. If connection is made through the 
side of the building the horizontal pipe should pitch slightly towards 
the outside in order that no water may lodge in the pipe and freeze. 

4. Q. How should the overflow from the expansion tank be 
connected? 

A. The vent pipe above referred to may also serve as the over- 
flow pipe or a tee may be placed on the vent pipe immediately 
above the tank, and the side outlet of the tee used to connect the 
overflow pipe, or the side tapping of the tank may be used to con- 
nect the overflow. 

5. Q. Is the running or connecting of the overflow into an 
open plumbing fixture, such as closet tank, advisable or good 
practice? 

A. No, it is not. If the overflow is connected separately from 
the vent pipe it should be carried to basement of the building 
and there be connected into some convenient drain or waste pipe. 

6. Q. Is the use of valves on expansion tank connections 
necessary or advisable? 

A. Valves should never be placed on expansion tank connec- 
tions. These pipes should be kept free and open in order to prevent 
the possibility of the closing of the system to the atmosphere and 
thus inadvertently place the same under pressure. 

7. Q. How can the capacity of a round expansion tank be 

determined? 

A. Multiply the square of the radius of the tank in inches by 
3.1416, then multiply this amount by the length of the tank in 
inches. Divide th*s result by 231, which represents the number of 
cubic inches in a gallon, and the result will be the capacity of the 
tank in gallons. 

8. Q. What simple rule may be used for determining the size 
of the expansion tank required for a hot water system? 

A. For an installation requiring 500 square feet or less allow 
one gallon of tank capacity for each 30 square feet of radiation. 

For 500 to 1,000 square feet of radiation allow one gallon of tank 
capacity for each 40 square feet. 

For 1,000 to 3,000 square feet of radiation allow one gallon of 
tank capacity for each 50 square feet. 

For 3,000 to 5,000 square feet of radiation allow one gallon of 
tank capacity for each 60 square feet. 
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This rule, while approximate, is sufficiently accurate for all 
ordinary work. 

Or the following rule may be used: 

When there is less than 1,000 square feet of radiatioA on a job 
multiply the amount. of radiating surface by .03 to determine the 
size of the tank. 

When there is between 1,000 and 2,000 square feet of radiation 
use the multiplier .025. 
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Pig. 76.— Expansion Tank Connection— Vertical for Overhead System. 



For jobs requiring more than 2,000 square feet of surface multiply 
by .02. 

This is a simple rule easily applied. 

g. Q. Where should the expansion tank be located? 

A. In a room that is warm in order to prevent freezing. If it 
is necessary to place the tank in a cold room or in an exposed posi- 
tion in the attic it should always be circulated in order that there 
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will be no possibility of its freezing in exceptionally cold weather* 

10. Q. How should the expansion tank be connected to an 
overhead system of hot water heating? 

A. Fig. 76 shows a method of connecting the tank vertically. 

This connection may be used on any small job of overhead heat- 
ing. When connecting the expansion tank to a larger system of 
hot water heating or one requiring an expansion tank of exception- 
ally large size it is well to use the tank horizontally and to suspend 
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Fig. 77. — Expansion Tank Connection — Horizontal for Overhead 

System. 



the same from the roof joints by iron straps, connecting the expan- 
sion pipe to the under side of the tank and the vent pipe from the 
top side of the tank. The overflow may be connected from the 
top or from the centre of one end of the tank as shown by Fig. 77. 
If the water gauge is used on a large tank suspended horizontally 
it should be placed at the end of the tank as shown. 

ii. Q. In general what should be the size of the overflow 
pipe from an expansion tank? 

A. It should be the same size as the expansion pipe in order 
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that there will be no choking of the overflow and the consequent 
filling up and running over through the vent pipe. 

12. Q. At what point on a circuit or single main system 
should the expansion tank be connected? 

A. From the high point of the main, whether this is immediately 
over the boiler or at any other point on the system. 

13. Q. When an accelerated system is used what should be 
the position of the expansion tank, and how should it be con- 
nected? 

A. It should be located above the highest radiator as for an 
open system and connected so that the accelerating device used 
will be between the tank and the heating system. 
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i. Q. How many, methods can be used to heat a supply of 
water for domestic use? 

A. There are two general methods. First, by heating the water 
directly as with a water-back in a range, a coil or auxiliary heater 
placed in the fire pot of a furnace or boiler, or the use of a small 
tank or gas heater; and second (when steam is available) by 
placing a steam coil within a tank and heating the water by the 
condensation of the steam supplied to the coil. 

2. Q. What kind of tanks are employed for the storage of 
the water when heated? 

A. The tank may be an ordinary kitchen or range boiler, or if 
required a special tank of larger capacity, called a storage tank, 
may be used. The former tank and method of connecting from 
the water back of the range is so familiar as to require no explana- 
tion. The tank should ordinarily be placed above the source of 
the heat. 

A storage tank is a tank of larger size and greater capacity than 
a range boiler and the tappings of it are so arranged that it may be 
used in a vertical or in a horizontal position. When used vertically 
it is supported on an iron stand or legs. When used horizontally 
it may be hung from ceiling or floor joists with iron straps or rest 
upon brick, stone or cement piers. 

3. Q. When a water back or water front is used in a range 
for heating water how is its capacity figured? 

A. Water backs are commonly rated on the basis of 2 or 2)4 
square inches of heating surface (the face of the water back only) 
for each gallon capacity of the kitchen or range boiler. The 
capacity of a water back is largely increased at times when the 
range is operated to full capacity for baking, etc. 

4. Q. When a coil or auxiliary heater is installed in the fire 
pot of a boiler how is its capacity determined? 

A. Each square foot of surface of a pipe coil installed in this 
manner will warm from 25 to 30 gallons of water per hour, from 
55 to 60 degrees (the usual temperature of the return circulation) 
to 130 or 140 degrees for domestic use, when the coil is placed in 
direct contact with the fire. 
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» 

5* Q. How are tank heaters rated when they are used for 
warming water for domestic use? 

A. The average rating of a tank heater is 250 gallons per hour 
for each square foot of grate surface. Tank heater ratings are 
usually excessive, and the fact that a large amount of the heated 
water is carried in storage, being heated at night or during periods 
of the day when but little hot water is used, is considered in rating 
the heater. Ordinarily 50 gallons warmed through 100 degrees 
would be considered a fair rating for constant service at full capa- 
city. 
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fig. 78.— Domestic Hot Water Supply— Vertical Boiler. 

6. Q. When a storage tank is installed in a vertical position 
how are the pipe connections made from the boiler to the tank? 

A. Fig. 78 illustrates the usual method employed. The tank 
is placed on a stand or pedestal at such a height that the bottom 
of it is above the return connection of the tank heater. The flow 
from the heater is connected into the side of the tank about one- 
third distant from the bottom. The cold water supply is connected 
to the return pipe, which is at the bottom of the tank, and the hot 
water supply to the various fixtures is taken from the top of the 
tank. 
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7. Q. When the tank is placed in a horizontal position how 
should it be connected to the heater? 

A. As shown by Fig. 79. The hot storage water occupies the 
upper part of the tank and the cooler water in circulation the 
lower part of the tank. The illustration shows the method of 
making the various pipe connections. 

8. Q. When a steam coil is placed within a storage tank 
what should be its position? 

A. The coil should be fastened vertically in order that the 
steam will flow in at the top of the coil and the water of condensa- 
tion will flow out of the bottom. Fig. 80. 




Fig. 79.— Domestic Hot Water Supply— Horizontal Boiler. 



9. Q. What size of the coil should be used in a tank? 

A. One square foot of heating surface for each 15 gallons of 
tank capacity. 

10. Q. Is this an economical method of heating water? 

A. It is not, unless a supply of exhaust steam (which would 
otherwise be wasted) is available for the purpose. Submerged 
coils condense an immense quantity of steam in heating water. 

zi. Q. Of what material should the coil be made for warm- 
ing water for domestic use? 
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A. Copper, brass or galvanized iron. A galvanised coil is less 
effective than a brass or copper coil for this purpose. 

ia. Q. What provision can be made for relieving excess pres- 
sure due to the height of a building or overheated water? 



Fig. 80. — Domestic Hot Water Supply — Steam Coil in Boiler. 

A. A pressure relief or safety valve may be used. This should 
be set to operate at five pounds above the normal pressure of the 
heated water (which may be 150 or 160 degrees) or at five pounds 
above the static pressure due to the height of the water in the 
system. 



VALVES AND AIR VALVES. 

i. Q. What types of valves are employed on the various 
systems or apparatus installed for heating purposes? 

A. Globe, angle, gate and check valves in the regular or some 
special form. 

a. Q. What is a globe valve, and for what purpose is it em- 
ployed? 

A. The common type of globe valve is illustrated by the sketch, 



Pig. 81.— Globe Valve. 

Fig. 81, which shows a sectional view of its construction. A bridge 
supporting the seat is cast in the body of the valve. A disc engag- 
ing with this seat is adjusted to the bottom of the valve stem which 
screws up or down to raise or lower the disc to open or close the 
valve. The stem passes through the bonnet of the valve and a 
wheel is provided at the top for operating it with the hand. Globe 
valves, owing to the restricted area of the opening through the 
seat, are used principally on steam work. 
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3. Q. How should a globe or angle valve be placed on a 
line of piping? 

A. In such a position that the flow will enter the valve under 
the seat and against the under side of the disc. 

4. Q. How should a globe valve J>e placed on a horizontal 
pipe? 

A. When it is necessary to use a valve of this character on a 
horizontal pipe it should be placed with the stem in a horizontal 
position or pitching slightly downward; otherwise, owing to the 
interior construction of the valve, it will be impossible to obtain 
perfect drainage through the pipe. Fig. 82 illustrates this feature. 

5. Q. What type of valve may be used in any position on a 
line of piping and yet allow of perfect drainage ? 

A. Agate valve. This type of valve, owing to its construction, 
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Fig. 82. — Globe Valve on Horizontal Pipe— Imperfect Drainage. 



offers no obstruction to drainage. The valve is opened and closed 
by raising or lowering a wedge shaped gate and when open admits 
of a full sized free opening through the valve. Fig. 83 shows this 
construction. 

6. Q. What is an angle valve? 

A. An angle valve is used in the position of a 90 degree elbow 
at a point where a change of direction is made in the flow of steam 
or water. 

The name is usually given to the common type of angle valve 
as illustrated by Fig. 84, although a large share of the radiator 
valves used are in reality valves of the angle type. 

7. Q. What is a check valve and for what purpose is it em- 
ployed? 

A. Fig. 85 illustrates several types of check valves. When 
it is necessary that the supply of steam or water should flow always 
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in one direction a check valve is placed on the pipe. The construc- 
tion of the valve is such that it allows the steam or water to flow 
in one direction only and prevents any reverse circulation of the 
same. 

8. Q. When extra large valves are required how are they 
usually constructed? 

A. With a yoke over the bonnet of the valve to strengthen it 
and to provide a suitable guide and bracing for the large stem. 
Globe, angle and gate valves of large size have this construction. 
Fig. 86 illustrates a gate valve with yoke. 




Fig. 83.— Gate Valve. 



9. Q. What is the common form of a steam radiator valve? 
A. The ordinary type of valve employed in making connection 

to a steam radiator is an angle valve having a wood wheel and a 
union connection for attaching to the radiator. Fig. 87 shows an 
outline of the standard type of valve. The usual steam radiator 
valve has a Jenkins or composition disc. 

10. Q. What is a Jenkins disc? 

A. A ring of a composition substance which is attached to the 
under side of the brass disc and which, when screwed against the 
valve seat, is intended to make an absolutely tight joint. 

iz. Q. What is a ground seat or Frink seat valve? 

A. A valve having the edge of seat and disc ground to a taper of 
the same degree in order to close tightly when the stem is screwed 
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down and the disc engages with the seat. Some valves of this 
character have a soft metal disc. 

is. Q. What objection is there to the use of a ground or soft 
metal seat valve on steam piping? 



Pig. 84.— Angle Valve. 

A. For the reason that they are liable to leak and the slightest 
leak of steam through a valve when it is turned off will cause no 
end of trouble and annoyance. 




ig. 85.— Check Valves. 



13. Q. What type of valve is used for connecting a hot water 
radiator? 

A. The common form is illustrated by Fig. 88. The angle 
type of valve is commonly employed. The body of the valve is 
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cylindrical and a close fitting sleeve is placed on the inside of the 
body. This sleeve is attached to the stem which turns it, and one 
side being cut away so that when the sleeve is turned with this 
opening facing the radiator the valve is open or there is an open 
passage through it. 

14. Q. What special type of radiator valve is frequently used 
for steam? 

A. Valves of the so-called packless type. Packless valves are 



Pig. 86.— Gate Valve With Yoke. 



modern and a comparatively recent improvement in method of 
construction. 

15. Q. What is the construction of a packless valve? 

A. A packless radiator valve is a valve specially constructed 
so that the hexagon nut at the top of the bonnet does not require 
any packing around the stem of the valve to make it tight. Pack- 
less valves are made for both steam and hot water. Fig. 89 is a 
sectional view of a packless hot water radiator valve. 
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16. Q. What special forms of radiator valves are made for 
use on steam radiators? 

A. Right and left hand corner and straight-way valves, with 
and without off-set. 

17. Q. How are these valves used? 

A. Principally when radiator connections are made above the 
floor. The corner off-set valves, right or left hand, are made for 
connecting a radiator directly with a riser above the floor with a 
swing joint at the riser. The off-set feature of the valve allows of 




Fig. 87.— Steam Radiator Valve. 



free drainage from the radiator to the riser. When a radiator is 

connected directly from a riser with a straight connection the 

straight type of off-set valve may be employed as shown on one- of 

the radiators illustrating one-pipe connections. Fig. 36. 

18. Q. What special types of hot water radiator valves are 
to be had? 

A. Several special types of hot water radiator valves are manu- 
factured; these are used principally in making a flow and return 
connection to a radiator when both connections are made at or 
through a single opening at one end of the radiator. The Honey- 
well Unique radiator valve, Fig. 90, is an illustration of a valve of 
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this type. The bonnet of the valve is cylindrical in shape and both 
flow and return pipes are joined to it by union connections quite 
similar in shape to a regular hot water union elbow. The valve 
stem engages with a double gate in the form of baffles on the interior 
of the body of the valve, which are set in such a position that when 
the valve is open to the radiator there is a passageway through 
one side of the valve into the radiator. The return circulation 
from the radiator is divided and separated from the flow by a 
projecting web in the spud of the valve which extends into the 




Fig. 88. — Common Hot Water Radiator Valve. 



radiator through one loop or section or sufficiently far to prevent 
an eddy forming at the inlet and outlet of the valve, due to the 
flow and return moving in opposite directions. The return circula- 
tion entering the bonnet of the valve is directed towards the return 
connection by one of the gates or baffles inside the valve. By 
turning the wheel of the valve to close it, the gates are moved to 
such a position that both flow and return passages into the radiator 
are closed and the water will then circulate freely from the flow 
riser through the valve to the return riser without entering the 
radiator. A very small turn of the wheel (1-6) closes or opens the 
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valve by changing the position of the gates. Fig. 91 is a plan of 
the valve showing the position of the gates when the valve is open, 
and Fig. 92 shows the position of the gates when the valve is closed. 
Another type of special hot water valve is shown by the illustra- 
tion, Fig. 93. A fin or baffle divides the body of the valve in the 
manner shown on the illustration, the flow passing along the top 
of this baffle and the return from the radiator entering underneath 
it through special openings at the end of the spud provided for this 
purpose, the illustration clearly showing the circulation through 
the valve. 



pig. 89. Packless Hot Water Radiator Valve. 

Other special types of valves are employed for hot water; those 
illustrated, however, will give a very good idea of the character of 
the single end valve or valves for connecting both flow and return 
to a single opening of the radiator. 

19. Q. For what purpose are air valves employed? 

A. Air valves are used on coils, radiators and piping for the 
purpose of providing an outlet for the air when it is forced from a 
heating system by a pressure greater than that of the atmosphere. 

ao. Q. How many types of air valves are manufactured? 

A. Two general types. Positive and automatic. 
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21. Q. What is a positive air valve? 

A. The regular type of positive air valve for steam is illustrated 
by Fig.- 94. This valve is provided with a wood wheel or handle 
for operating it, and must always be opened and closed by hand. 

22. Q. What type of air valve is employed on hot water 
radiators? 

A. A positive air valve frequently called a compression valve, 
having a lock and shield and which is operated with a key, is 
regularly used on a hot water system when air valves are required. 
Fie. 95 shows the ordinary shape of this valve. 




Fig. 90. — Honeywell Unique Radiator Valve. 

23. Q. What improved type of air valve is now almost uni- 
versally employed on all steam heating apparatus? 

A. Automatic air valves. This valve is set so as to be always 
open when cold. When heated or when steam enters the valve 
it automatically closes, due to the expansion of some metal, com- 
position, or liquid contained in the body of the valve, either of 
which is very susceptible to the effect of heat. 

24. Q. What types of automatic air valves were first em- 
ployed? 

A. Among the first are the Breckenridge, Jenkins, American 
and Victor. The Breckenridge air valve operates by the expan- 
sion and contraction of a flat brass rod which is anchored or held 
rigid at each end, allowing the center, to which the valve is attached, 
to bend when heated, thus closing the exhaust opening to the atmos- 
phere. 
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The Jenkins air valve operates by the expansion of a post made 
of a composition of bard rubber. This post is held rigid at the 
outer end by a threaded plug to which it is attached and which 
is screwed in and out of the body of the valve to adjust it. It is 
set so that the end of the composition post is slightly away from 
the air inlet and when heated expands against this outlet, closing 
the valve. 

The Victor and American are quite similar to the Jenkins in 
operation except they are smaller in size. 
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Fig. 91. — Unique Valve Open — Sectional View. 

25. Q. What is the construction of the later or more recent 
types of air valves ? 

A. There are dozens of shapes and varieties to be had. Some 
valves of later type operate by the vaporizing of a small amount 
of volatile liquid which is contained in a thin copper float on the 
interior of the valve to which the valve stem or disc is attached. 
When steam strikes the float the expansion of the float, due to the 
vaporizing of the liquid, closes the valve by plugging the inlet shut. 
Other valves employ an expansion plug and in addition contain a 
light metal float open at the bottom. Air valves frequently give an- 
noyance by leaking, due to a sudden rush of water in the radiator 
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which is forced into the air valve by the steam pressure. The 
light float is intended to overcome this difficulty as a sudden rush 
of water will raise the float and temporarily close the outlet of the 
valve. When the water recedes the float will drop and open the 
outlet to allow the escape of the air. 

26. Q. What condition should be guarded against in using 
automatic air valves? 

A. Air valves are frequently ruined by carelessness. They are 
placed on new work before the boiler has been blown off to remove 
the greasy scum and dirt from the system, with the result that the 
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Fig. 92. — Unique Valve Closed — Sectional View. 



movable parts of the valve and the small inlet and outlet become 
clogged with the scum or dirt. 

27. Q. How may this condition be avoided? 

A. Automatic air valves should not be placed on a heating 
system until it has been in operation for a period of a week or ten 
days and has been effectually cleaned of oil and dirt. Common 
compression valves should be used during this period. 

28. Q. What other cause ruins the efficiency of automatic 

air valves? 
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Fig. 93.— Simplex Hot Water Radiator Valve. 




Fig. 94.— Wood Wheel Air Valve. 
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Fig. 95.— Hot Water Key Air Valve. 
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A. Certain types of expansion post valves are so delicately 
sensitive that when adjusted to close at a slight pressure of steam 
are ruined by being subjected to a high temperature of the steam 
during a period when a considerable pressure is developed for 
testing piping or for blowing off the boiler. The carbon post 
buckles with the expansion due to the high temperature and will 
never regain its original shape and efficiency. 

29. Q. What remedy is there for this condition? 

A. Should the valves be in position during this period they 
should be left open and their adjustment should be deferred until 
normal conditions of pressure and temperature prevail. 
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A large share of the many troubles experienced by the steam and 
hot water fitter in the installation of steam and hot water apparatus 
for heating are due to the presence of air in the heating system. 

Air forming in pockets in various parts of the piping system 
either blocks the circulation entirely or reduces the efficiency of 
the apparatus by reducing the effective area of the pipe or radiating 
surface at the point where the air pocket occurs. 

Radiators and coils are often partially air bound. In a steam- 
heating system this is due to the steam reaching and closing the 
automatic air valve before the air is entirely exhausted from the 
coil or radiator. Thus the air reduces the square feet of actual 
radiating surface and the efficiency of the apparatus. 

Air has been called the arch enemy of the steam fitter, as it is 
the one agency against which he must continually fight in order to 
meet success or in order to install successfully working heating 
systems. 

The development, during the last twenty-five years, of improved 
methods of heating has resulted in the designing of many appliances 
for ridding the heating system of air and the troubles due to it, 
and these methods are variously termed vacuum heating, vapor 
heating, vapor-vacuum heating, vacuo-vapor heating, etc. Since 
the year 1882 heating engineers, contracting fitters and others 
have been interested in the problem of circulating steam at or below 
the pressure of the atmosphere. They have recognized the loss 
sustained by allowing the exhaust from engines, pumps, etc., to 
be wasted, and have evolved a method of utilizing it to the best 
advantage in the heating system. 

The following questions and answers are intended to explain 
the salient features of each system and to acquaint our readers with 
the method of their installation and the reasons for applying or 
using certain special fixtures or devices. 

With a knowledge of the principles of vacuum and vapor heating 
and an understanding of what is to be 'accomplished by their use 
it will be seen that the methods adopted are neither complex nor 
difficult. 

x. Q. What is meant by a vacuum? 

A. The definition given by Webster states that a vacuum is 
a space absolutely empty or void of matter. 
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2. Q. Is a bottle empty in the sense that we remove from 
it its visible contents? 

A. No. The bottle is erroneously called empty, but it is not 

for the reason that when the visible contents are removed from 

a vessel it immediately refills with air, an invisible gas containing 

more or less water. This gas permeates or is forced into every 

opening or crevice in everything upon the face of the earth by 

reason of the weight of the atmosphere. 

3. Q. How can a vacuum be produced and maintained? 

A. By exhausting the air from the interior of a vessel either 
by the force of expansion of heat or steam or by employing some 
mechanical device, and then closing or sealing the vessel against 
the return of the air, or removing from it the pressure of the atmos- 
phere. 

4. Q. What is the pressure of the atmosphere, or atmos- 
pheric pressure as it is commonly called? 

A. The earth is surrounded to the height of something over 
forty miles with a belt of elastic gas or atmosphere. This air 
contains more or less moisture which, owing to its weight, exerts 
a pressure upon the surface of the earth, and all objects upon it, 
of approximately 14.7 pounds per square inch. 

5. Q. Is there a difference in the pressure of the atmosphere 
at various points upon the earth's surface? 

A. Atmospheric pressure is usually based upon the pressure at 
sea level; the air at sea level is much more dense than at higher 
altitudes, consequently the weight of air or atmospheric pressure 
upon a mountain is much less than at the level of the sea. 

6. Q. How does atmospheric pressure affect the working of 
a steam heating apparatus? 

A. Owing to the pressure of the atmosphere water (at sea level) 
will not boil until a temperature of 212 degrees Fahr. has been 
reached. By removing this pressure entirely the water will boil 
at approximately 98 degrees. No steam can be produced or flow 
through the pipes and radiators of a heating system until there is 
developed a pressure sufficient to overcome that of the atmosphere. 

7. Q. How does the pressure of the atmosphere affect the 
piping and radiation or the steam space of the heating system? 

A. Through the air valve openings of the system the pressure 

of the atmosphere is exerted against the water in it, and therefore 

a pressure exceeding that of the atmosphere must be developed 

at the boiler to drive the air out of the system before ihe piping 

and radiators will fill with steam. 
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8. Q. What is this pressure called when registered at the 
boiler? 

A. Gauge pressure, as it represents the pressure on the system, 
as indicated by the steam gauge, above that of the atmosphere. 

9. Q. What is absolute pressure ? 

A. Absolute pressure is the gauge pressure shown plus 14.7 
pounds, the pressure of the atmosphere. When the steam gauge 
registers 2 pounds at the boiler there is an absolute pressure on 
the system of 16.7 pounds, or 2 + 14.7 pounds. 

10. Q. Can a complete vacuum be produced on a heating 
system? 

A. No, this is practically impossible; in fact it is unnecessary. 
Any vacuum whatever shows the absence of air in the system and 
this is the object of all appliances used for vacuum heating; a very 
slight vacuum being usually sufficient to produce the desired 
results. 

11. Q. How does vacuum heating affect the heating system 
in the matter of economy of operation? 

A. In a steam heating system a large share of the fuel burned 
is required to create the pressure necessary to drive the air from 
the system. This operation must be repeated each time the system 
is filled with steam, or, as we commonly say, each time steam is 
raised on the system. With the pressure of the air removed any 
steam produced at the boiler immediately flows uninterrupted into 
the various pipes and radiators of the heating system. 

ia. Q. What percentage of fuel is saved by the use of a 
vacuum system as compared with an ordinary steam heating 
system? 

A. The saving in fuel is variously estimated at from 20 to 35 
per cent. This saving is conditioned largely upon the amount 
of vacuum maintained on the system and the consequent lower 
temperature at which the water will boil. 

13. Q. Is there a difference in the velocity of the circulation 
between a steam and a vacuum system? 

A. Steam at low pressure may flow through the system at a 
velocity of anywhere from 20 ft. to 200 ft. per second. The flow of 
steam in a complete vacuum attains a velocity of 1550 ft. per second. 
Thus a circulation in the vacuum heating system can be established 
quickly. 

14. Q. How is the vacuum on a heating system produced 
and maintained? 

A. The first types of vacuum systems were those used in con- 
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nection with exhaust heating on large installations, and on these 
systems it was customary to use a pump having a large cylinder, 
called a vacuum pump or a special type of apparatus called an 
exhauster to pump or suck the air out of the heating system and to 
maintain a vacuum. The later types of vacuum appliances, as 
are used for house heating, are not all mechanical. The vacuum 
under which many small systems are operated is created by the 
condensation of steam, special appliances in the way of special air 
valves, traps, or other devices being employed to maintain the 
vacuum so produced. 

15. Q. What other help to a heating system is given by 
vacuum pump, exhauster, or similar appliance? 

A. The return of the condensation or water to the boiler is 
hastened, or accelerated, as the pump or exhauster not only sucks 
or pumps the air, but also sucks or drains the condensation from 
the various coils and radiators. 

16. Q. Of what benefit is this on some types of installations? 
A. It is frequently necessary or desirable to locate radiators 

or coils below the water line of the system. In this event the 
pump or exhauster lifts the return water to a height above that of 
the water line in order that it may be returned to the boiler by 
gravity. 

17. Q. What character of piping is used for a vacuum 
system? 

A. Various styles of installations are used, dependent upon 
the character of the system employed. An important condition 
is that the piping be erected absolutely air tight; that the stuffing 
boxes of all valves be carefully packed and made tight, or that a 
valve of the packless variety be used, and also that all boiler trim- 
mings should be tight fitting. 

18. Q. What is the reason for this precaution? 

A. Should air leak into the system through loose joints or 
loose stuffing boxes of valves any vacuum developed on the system 
would be immediately destroyed and the benefits of employing 
the vacuum appliances would be lost. 

19. Q. What other features make a vacuum system par- 
ticularly desirable? 

A. The low cost of installing the system; the employment of a 
less amount of radiation than would be required for other systems, 
particularly that required for hot water heating; and the removal 
of all danger from frosts or leaks, the system being absolutely dry 
above the basement. The trouble frequently experienced from 
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the inability to drain long runs of piping or, as before stated, any 
radiation located below the water line of the boiler, is overcome and 
is a point of efficiency gained by the use of a vacuum system. 

20. Q. What principle is employed in producing a vacuum 
by the condensation of steam? 

A. Water, when converted into steam, occupies a space approxi- 
mately seventeen hundred times as great as it did in the form of 
water, a cubic inch of water producing seventeen hundred cubic 
inches of steam. When, therefore, a radiator or coil filled with 
steam is allowed to cool, but one seventeen-hundredth part of 
the space is occupied by the water of condensation, the remain- 
ing portion of the space filling with air (if the air valve is open) or 
if the air valve is closed and all connections are absolutely tight, 
this space is left a void, producing a vacuum in the radiator or coil. 

21. Q. Can this vacuum be maintained continuously? 

A. It is rather hard to construct an absolutely air-tight system 
of piping and radiator connections, and therefore a vacuum pro- 
duced on a heating system will after several hours be destroyed by 
leakage of air unless some device for maintaining it is employed. 

22. Q. How is vacuum measured or registered? 

A. In inches. If a tube of mercury were connected to an air 
valve opening of a radiator under a vacuum, the suction of the 
vacuum would pull the mercury a number of inches up the tube. 
A complete vacuum would raise the mercury 29.92 inches; therefore 
we speak of the result as having 29.92 inches of vacuum and under 
this condition the water in the system would boil at a temperature 
of 98 degrees. 

23. Q. Give the boiling point of water when the apparatus 
is under a partial vacuum? 

A. The following table will show the temperature at which 
water will boil from complete vacuum to a gauge pressure of 10 
pounds: 

BOILING POINT OF WATER. 



Vacuum in Inches. 
Steam Pressure in Pounds. 


Boiling Point of Water 
Temperature. 


29. 


92 


98 deg. Fahr. 


29 




100 


28 




102 


27 




114 


26 




125 


25 




133 " 


24 




140 
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Inches 

of 

Vacuum 



Vacuum in Inches. 
Steam Pressure in Pounds. 

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 



Boiling Point of Water or 
Temperature. 

146 deg. Fahr. 

152 

157 

161 

165 

169 

172 

175 

178 

181 

184 

186 

188 

191 

194 

196 

199 

201 

203 

205 

207 

208 

210 



Gauge 

Pressure 

Pounds 



Atmospheric Pressure 212 

1 215 

2 219 

3 222 

4 225 

5 227 

6 230 

7 232 

8 235 

9 237 
10 440 

24. Q. What is vapor heating? 

A. Vapor heating may be said to be the circulation of vapor 
or steam at a pressure slightly above that of the atmosphere. 
This circulation is accelerated or assisted by the use of certain 
appliances which remove the air pressure and increase the velocity 
of the flow. 
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as. Q. What pressure is ordinarily used on a vapor system? 

A. A vapor system is provided with a controlling device which 
prevents the steam from attaining a pressure of more than a few 
ounces, this appliance closing the drafts of the boiler and regulating 
the amount of heat from the fire. 

26. Q. What advantage, if any, has the vapor system over 
the vacuum system of heating? 

A. Practically none, except that the low temperature carried 
on the apparatus may be considered as an advantage. The range 
of temperature on a vacuum system may be from the temperature 
of a low vacuum to any steam pressure desired. The range of tem- 
peratures on a vapor system is that obtained from a low vacuum 
to practically 212 degrees, the boiling point of water. 

27. Q. What is known as the vapor-vacuum system or a 
vacuo- vapor system of heating? 

A. A combination of the principles of both vapor and vacuum 
heating which allows a considerable pressure to be carried on the 
system when desired, or the system may be operated at as low a 
temperature as the amount of vacuum produced will allow* 

28. Q. What amount of radiation is necessary for a vacuum 
system? 

A. Approximately 10 per cent, less than would be required 
for the regular type of steam heating apparatus; it being conceded 
that the removal of all air from the system increases the efficiency 
of the radiating surface about 10 per cent, and therefore decreases 
the amount of radiation necessary for use on an open system. 

29. Q. What amount of radiation is required for a vapor 
system? 

A. Practically the same amount of radiation as would be 
required for a regular hot water system of heating, the range of 
temperatures corresponding very closely to those of an open tank 
hot water apparatus. 

30. Q. What amount of radiation is necessary for a vapor- 
vacuum or vacuo- vapor system? 

A. Approximately 70 per cent, of the radiation required for the 
open tank hot water system or possibly 10 per cent, more than would 
be required for vacuum steam system. The amount of radiation 
required for vacuum heating would be sufficient for vapor-vacuum 
or a vacuo-vapor heating system, but in order to obtain the best 
and most economical results the system should be operated at low 
temperatures, and therefore a slight increase in the amount of 
radiation is advisable. 
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31. Q. What vacuum systems were first employed for heat- 
ing? 

A. The Williams, Webster and Paul systems were undoubtedly 
the first to be used, at least, to any great extent. Mr. N. P. 
Williams took out the original patents of his vacuum system in 
the year 1882. 

32. Q. What is the principle of operation of vacuum heating 
systems? 

A. The operation of a vacuum system is based upon the flow 
of steam and condensation from a pressure slightly above into a 
pressure slightly below that of the atmosphere, or into a partial 
vacuum. The air in the system is exhausted before turning on 
the steam, wfrch then flows rapidly into the lower temperature. 

33. Q. How may vacuum systems of heating be classified? 
A. First, those systems employed for heating factories or 

large buildings — mechanical systems we may call them — where 
exhaust steam or steam at high pressure is available for heating 
purposes, and a pump, exhauster or other appliance is used to create 
and maintain the vacuum. The Williams, Webster, Paul, Van 
Auken and others are of this class. Second, those systems operating 
without pressure other than that obtained from the ordinary low 
pressure boiler, the vacuum being maintained by a mercury seal, 
hydraulic pump or other device. Among these are found* the 
systems of the Vacuum Heating Co. (Trane), the K — M — C System 
(Morgan Patents), Gorton (Jenkins Bros.), Dunham (C. A. Dun- 
bam), Bishop-Babcock-Becker Co., Eddy and several others. 
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i. Q. Describe the Webster System of vacuum heating. 

A. On a Webster system the vacuum is produced by a pump. 
On the return end of all radiators or pipe coils and at the base of 
all risers or drainage points a motor valve having a water seal is 
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Fig. 96.— Webster Motor Valve on Riser. 



placed. Fig. 96 shows the valve connected at the base of a riser, 
a dirt pocket being provided at each low point. 

An air trap on the interior of which is a corrugated float partially 
filled with a volatile liquid which vaporizes at a low temperature 
is also used in place of the motor valve. This operates much the 
same as some types of automatic air valves. 
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When steam is turned into a radiator or coil, the air in it is 
forced out quickly through the motor valve or trap which closes 
against the steam. When sufficient condensation has accumulated 
to lift the float of the valve or trap, the water passes into the return 
and the float returns to its former position. 

The original device used for many years by the Webster Com- 
pany on the return end of heating units was called a thermostatic 
valve in which a composition hard rubber post governed the opera- 
tion of the valve by expansion. The vacuum pump delivers the 




Fig. 97. — Paul Exhauster — Low Pressure. 



air and condensation together to a separating tank or receiver 
which is vented to the atmosphere, the air passing out of this vent 
and the water returning to the system. In the installation of the 
system the usual exhaust steam specialties such as pumps, separa- 
tors, feed water heaters, etc., may be used according to the character 
of the installation. 

2. Q. Who designed and developed what is known as the 
Paul System of vacuum heating? 

A. Mr. Andrew G. Paul, an engineer who early realized the 
value and effectiveness of the vacuum method of heating. 
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3. Q. In what way does the method designed by Mr. Paul 
differ from the Webster System? 

A. The Webster system makes use of a pump which relieves 
the system of air and water through a single return pipe from each 
radiator connected into main return and air lines, hence all radiators 
and coils are connected as for the two-pipe system. 

The Paul system makes use of an appliance called an exhauster, 
and the suction of this device being on the air line only the radia- 
tors may be connected one or two-pipe as circumstances require. 
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Fig. 98. — Paul Exhauster — High Pressure. 



4. Q. What form of air device is placed on each radiator or 
coil? 

A. A special type of automatic air valve with a drip connection 
called a Paul air valve. 

5. Q. How are these air valves connected to the system? 

A. By air lines. A small air pipe is connected to the drip of 
each air valve and these air pipes are in turn connected into a larger 
air pipe or air line which terminates at the exhauster in the base- 
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ment which produces a suction on the air lines and maintains the 
vacuum. 

6. Q. How is the exhauster constructed? 

A. In the form of a steam jet. Fig. 97 shows the construction 
of the exhauster as used for low pressure, and Fig. 98 the type 
used for high pressure or larger installations. 
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Fig. 99. — Paul System — Down Feed Exhaust. 



7. Q. How does the Paul System operate? * 

A. The exhausting device is first started and all air is removed 

from the piping and radiators and the system is placed under a 

vacuum. Steam is then turned on and flows through the system 

quickly, uninterrupted by atmospheric pressure. Fig. 99 shows 
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Fig. 100.— Paul System— Regular High Pressure. 
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the Paul system applied to a single-pipe, down-fed exhaust system, 
and Fig. 100 its application to two-pipe systems of exhaust heating. 

8. Q. What are some of the advantages of the Paul System? 
A. (a) It may be applied to any old air bound steam system 

that is reasonably tight so long as proper means are provided for 
the return of the water of condensation to the boiler; (b) unlike 
a pump, the exhauster or jet device has no movable parts to require 
lubrication or to get out of repair; (c) the economical features are 
astonishing. It has been repeatedly shown that where the Paul 
system has been installed in remodeling old systems the saving in 
fuel for a single season has paid the entire expense of remodeling the 
system. 

9. Q. Are the principles used in the Paul system applied to 
any other systems of vacuum heating? 

A. Yes, in a modified form air exhausters or aspirators are 
employed. Compressed air from a small air compressor driven 
by an electric motor can be substituted for steam when steam 
power is not available for the exhauster. 

The vacuum may be maintained on the air lines only or the 
whole system may be placed under a vacuum. 

10. Q. How do the Van Auken and other systems operate? 
A. The heating system is drained and the system relieved of 

air through a special form of automatic appliance attached to the 
return end of the radiator. That used on the Van Auken system 
is called a Belvac Thermofier; other systems use air traps. Regard- 
less of the name and construction of each appliance all of them 
perform the same function, viz., automatically drain the conden- 
sation and relieve the air from radiating surfaces of the heating 
system. 

11. Q. What methods are followed in the construction of 
all air and condensation traps or valves? * 

A. Two distinct principles are used which may be called the 
flotation principle and the thermostatic principle, and in some 
valves or traps these principles are in a measure combined. 

12. Q. What is the flotation method or principle? 

A. This method is so called from the fact that a float is utilized 
in the chamber of the trap, usually a metal float, which is loose 
in the chamber and which rises and falls with the accumulating 
and relieving of the condensation in the trap, rising to allow the 
condensation to flow out of the radiator and falling to close the 
orifice or opening through the trap to prevent loss of steam into 
the return. 
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13. Q. What is the thermostatic principle? 

A. In many respects the same as applied to the construction of 
automatic air valves. The operation of a thermostatic air trap 
depends upon the fact that steam is hotter than the condensation 
and that air is heavier than steam and therefore collects at the 
bottom of a radiator. 

In some thermostatic valves an expansion post constructed with 
a composition of hard rubber is used. In others a volatile liquid 
is contained in a thin copper receptacle and in either case these 
expand when heated and contract when cooled. When in contact 
with the water of condensation the trap remains open to allow 
the water to enter the return. As soon as the radiator is emptied 
of water and steam comes in contact with the valve the composition 
post expands or the volatile liquid vaporizes (causing expansion) 
and closes the valve against the steam. 
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i. Q. Are the vacuum systems known as "non-mechanical" 
systems operated without the use of mechanical devices? 

A. Not all of them. They seem to be known as non-mechanical 
systems in order to distinguish them from the mechanical as applied 
to exhaust or high pressure systems. Many of the vacuum systems 
applied to ordinary low pressure steam heating or small installa- 
tions make use of mechanical devices to produce and maintain the 
vacuum. 

2. Q. Describe the Trane Vacuum System (Vacuum Heat- 
ing Company). 

A. The Trane system is a mercurial system; that is to say, the 
vacuum is held by immersing the end of the air line in a pot of 
mercury which prevents the air from returning to the system 
through the air valves after once having been exhausted. 

3. Q. What is this mercurial device called and how con- 
structed? 

1 A. It is called a mercury seal. The general construction is 
shown by Fig. 101. The air line is connected into the top of the 
seal, the pipe extending through the chamber of it to a point near 
the bottom. At the bottom of the device is a casting having a 
hollow cup on the top side which holds the mercury and into which 
the air line projects. From the side of this chamber a pipe leads 
to the atmosphere through which the air is exhausted. 

4. Q. What special appliances are used on the radiators for 
this system? 

A! Packless radiator valves should be used although a radiator 
valve with a well-packed stuffing box may be substituted. The 
radiators may be connected one-pipe or two-pipe as may be desired. 
The air valves used are a special type of Paul air valve having a 
large expansion post (Fig. 102) which has a drip connection and 
from the drip connection of each air valve a small air pipe connects 
with an air line in the basement. This air line may be carried 
directly under the cellar joists, terminating at a point near the 
boiler, where it drops and connects to the mercury seal. The air 
line should be carefully graded to pitch downward toward the 
mercury seal. 
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5. Q. How does this system operate? 

A. Steam generated in the boiler at a few ounces of pressure 
will flow through the radiators, driving the air out of them through 
the air valves into the air line and finally out of the system through 
the mercury seal. The air cannot return through the air line and 
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Fig. 101. — Trane Vacuum Mercury Seal System. 



air valves owing to the mercury seal. By checking the fire a vac- 
uum is produced on the apparatus which can be maintained for 
several hours. Should any air find its way into the system through 
a leak or otherwise it may again be expelled by repeating the above 
operation. 
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6.- Q. What range of temperatures may be had by using 
this system? 

A. A range of temperatures from practically 100 degrees to 250 
degrees Fahr. (equaling 15 pounds pressure) may be obtained or 
used with this system. 

7. Q. Are any other special appliances necessary for this 
method of heating? 

A. No further appliances are required other than have been 
mentioned. In the installation of the system it is well to use 
extreme care that there is a perfect drip of all condensation into 



Fig. 102.— Trane -Paul Air Valve. 

the return line and back to the boiler so that all condensation may 
return to the boiler by gravity. A wet return system of piping is 
the best method to use and the connections to radiators should be 
made from the top of the steam main. If only one radiator is 
connected the vertical air line should be \i inch and the horizontal 
line % inch in size, and where two or more radiators connect into 
the same line the pipe should be increased to x /i inch; in the base- 
ment the air line risers are joined into a common air line % inch or 
larger according to the size of the apparatus or the number of 
radiators employed on the work. 
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8. Q. What method is known as the K-M-C system, de- 
signed by D. P. Morgan? 

A. The K — M — C system makes use of a mercury appliance 
similar to that employed by the Vacuum Heating Company, and in 
addition to this a small tank, called an accumulating tank, into 
which the air line connects in order to condense any vapor or steam 
which might enter into the return line. The air connection from 
the tank to the mercury seal device passes through Soating checks 
and thence from the mercury or air seal to the atmosphere. When 
the accumulating tank is placed in a horizontal position the con- 
nections to checks and mercury seal are made as shown by Fig. 103. 
When there is sufficient head room to place the tank in a vertical 
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Fig. 103— K-M-C Vertical Check*— Vertical Tank. 



position the floating checks are connected as shown by Fig. 104. 
This illustration does not show the connection to the mercury seal. 

9. Q. What device is used on the return end of a radiator 
as an air trap or to prevent the steam from entering the air line? 

A. A special form of air valve called a retainer valve of the shape 
and character shown by Fig. 105 is employed in place of an ordinary 
air valve. This valve is of the float and expansion variety and is 
so constructed as to immediately close when steam enters it. 

10. Q. What type of radiator valve is employed for use on 
a K-M-C system? 

A A special packless diaphragm radiator valve is recommended. 

11. Q. How, and of what size, is the air piping installed for 
use with this system? 

A. Practically the same as for all other air line systems. A 
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small pipe connects the bottom of the retainer valve with a horizon- 
tal air line, the horizontal connections being made slightly larger 
than the vertical connections from the radiators. In the event 
of the air lines from two radiators being connected together the 
size of piping is increased to J^ inch and the air line proper which 
is run in the basement may be % inch or 1 inch, according to the 
size of the job. There should be a continued pitch of the air lines 
from the radiators to the point where they are connected to the 
accumulating tank. 

ia. Q. What is known as the Gorton system of heating? 

A. The Gorton system of heating is a vacuum system formerly 
owned by the Gorton & Lidgerwood Co., now manufactured and 
marketed by Jenkins Brothers Co. Unlike the systems which 
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Fig. 104.— K-M-C Vertical Checks— Horizontal Tank. 



have been described, the Gorton system makes use of a radiator 
connection at the top of a radiator, similar to a radiator connected 
for vapor heating, the return being taken from the bottom of the 
opposite end. The Gorton system is a two-pipe system. A 
special type of appliance called a relief valve is connected from the 
top of a steam main to a relief pipe on the return main and operates 
in the same manner as an automatic air valve. Fig. 106 shows the 
method of connecting the relief valve to the heating system. Its 
purpose is later described under the method of operating this 
system. 

13. Q. To what type of heating installations can the Gorton 
system be applied to advantage? 

A. The Gorton system is particularly adapted to small or 
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moderate sized systems in which the water returns to the boiler by 
gravity without the use of a pump or other mechanical device, and 
unlike a number of the non- mechanical vacuum systems the return 
from the system should be the ordinary dry return, dropping down 
at the boiler in the usual manner and a loop seal is used at the end 
of the main. 

14. Q. What type of radiator valve is employed on a Gorton 
system? 

A. A fractional, or graduated supply, radiator valve is used 
on each radiator or unit of radiation, by the use of which the 



Fig. 105. — Retainer Valve — K-M-C System. 

amount of steam or vapor supplied to each radiator is limited or 
controlled. 

15. Q. What type of valve or trap is employed on the return 
end of a radiator for this system? 

A. A special valve called an automatic drainage or impulse 
valve is placed at the end of each radiator to connect it with the 
return, the seat of which is made considerably smaller than the 
pipe connection, Fig. 107 shows the construction of this valve. 
The seat is inserted at such an angle as to prevent wedging or 
sticking and will pass the ordinary dirt in the system without 
trouble. A cone projects from the disc of the valve into the opening 
of the seat and a counterweight is applied in such a manner that 
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they both act to render the opening of the valve very gradual for 
differences in pressure. 

16. Q. How is the air removed from the system? 

A. The air removal is accomplished by means of the automatic 
relief valve illustrated by Fig. 108, which is acted upon by the 
varying pressures created in the return pipe by reason of the pres- 
ence of air or steam. 

17. Q. What type of radiators are used for this system? 

A. Radiators of the hot water type having top and bottom con- 
nections through them. 

18. Q. How does the Gorton system operate? 

A. Steam is generated and enters the main, the friction of its 
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Fig. 106. — Method of Connecting Relief Valve — Gorton System. 



movement causing a slight pressure in the boiler, which communi- 
cates to the under side of the diaphragm of the relief valve and 
closes the air outlet, which remains closed until the pressure passes 
into the radiators and opens the drainage valve, compressing the 
air in the return. The relief valve then opens and exhausts this 
air from the system, the flow continuing until all air passes out of 
radiators and return pipes and the pressure in the return is suffi- 
ciently reduced to allow the relief valve to close. By reducing the 
weight upon the relief valve a little more than is necessary to close 
it, and leaving it just heavy enough to open when the system is 
cooled down, it is very easy to keep the return pipes partially filled 
with air at all times. This air flows along with the steam and 
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cools at the relief valve ready to discharge whenever an additional 
amount of air is returned from a radiator. Owing to the top con- 
nection of the radiator and the graduated supply valve used, any 
radiator may be partially heated, admitting sufficient steam or 
vapor to the radiator as may be required by the condition of the 
weather. 

19. Q. What is known as the Dunham system of vacuum 
heating? 

A. The Dunham vacuum system is an air fine system in which 
all air is returned to a receiving tank located above the boiler. 
A special form of radiator or air trap is the distinguishing feature 
of the Dunham system, a sectional view of which is shown by Fig. 



Pig. 107. — Impulse Valve — Gorton System. 



109. These traps are made for a straightway or angle connection. 
The trap permits the discharge of all water of condensation and air 
from the radiator without the loss of steam. The end of a pipe 
loop called an equalizing tube extends into the boiler to a point 
level with the water line. On the end of this tube is a bell shaped 
attachment. This equalizing tube is used to keep the pressure 
in the boiler from communicating itself to the receiving tank until 
such a time as the water of condensation in the tank (due to the 
condensation of steam from the boiler) will be sufficient to cause 
the water in the boiler to lower below the bell of the equalizing 
tube. At this moment steam from a dome of the boiler rushes 
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up through the equalizing tube, the end of which is now open in 
the steam dome, and into the tank; steam entering the tank closes 
an air valve located at the top and the swing check valves on the 
return lines connected to the tank, thus equalizing the pressure in 
the tank with that in the boiler and the water which has accumu- 
lated in the tank flows back into the boiler through the check 
valves at the bottom return openings, raises the water line in the 
boiler and seals the bottom of the equalizing tube. 

The tank is now full of steam and as this steam condenses a 
vacuum is formed in all 'of the return lines. Pig. 110 shows the 
method of making connections to the boiler and tank. 

zo. Q. What method is used by the Bishop-Babcock-Becker 
system of vacuum heating? 



Fig. 108. — Automatic Relief Valve — Gorton System. 

A. The Bishop-Babcock-Becker system is a vacuum system 
installed with the regular air line method of exhausting the air. 
To the end of the air line there is attached an hydraulic pump which 
is so adjusted as to create and maintain any desired vacuum on 
the apparatus. It produces and maintains the vacuum positively, 
it being equipped with an automatic cut-off so that when the degree 
of vacuum has been attained for which this cut-off is adjusted the 
pump stops, and when the vacuum drops slightly below this point 
the pump automatically begins to operate, continuing to suck the 
air out of the system until the desired degree of vacuum is again 
produced. 

ai. Q. What method of piping is used for this system? 

A. The method of piping employed is similar to that used for 
the one-pipe system of gravity steam heating. Connections to 
radiators should be made in such a manner that all condensation 
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will return from the radiators to the main through the supply 
branches, and the drip from the main should convey the condensa- 
tion to the boiler by gravity. An automatic air valve having a 
drip connection is placed at the end of each radiator and the air 
line connections from this drip to an air line main in the basement 
which terminates at the pump connection.* A condensing appara- 
tus is placed near the pump to condense any steam that may be 
drawn into the air line. Fig. 110 shows the pump and condenser, 
aa. Q. What type of radiator valve is used with the Bishop- 
Babcock-Becker system? 

A. Any good type of a tight radiator valve may be used al- 
though a packless radiator valve is preferred. 

23. Q. What amount of vacuum should be carried on this 
system ? 




Fig. 109.— Dunham Air Trap. 



A. It is usual to operate the pump until there is about 7 inches 
of vacuum on the system and the automatic cut-off on the pump 
should then be set to maintain this vacuum. 

24. Q. What amount of water pressure is necessary for the 
operation of the hydraulic pump with this system? 

A. This pump can be used where the water pressure is 20 pounds 
or more and is built in various sizes suitable for any size of heating 
apparatus. 

25. Q. How does the Eddy vacuum system operate? 

A. The Eddy system makes use of a combined receiving tank, 
exhausting and vacuum valve. The system is particularly an air 
line system, the air lines being installed in the usual manner. 

26. Q. Are air valves used with this system? 

A. Air valves are not used. In place of air valves a small 
appliance known as a retarder is introduced into the air vent open- 
ing of each radiator and the air line is connected from the bottom of 

each retarder. 
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27. Q. How is the vacuum produced which operates the 
system? 

A. By the condensation of steam, the exhausting and vacuum 

valve sealing the system to the atmosphere and preventing the 
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Fig. 110.— Connections to Boiler and Tank — Dunham System. 
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return of air into the system after it has once been exhausted. 
This operation is entirely automatic. It may be operated with 
steam or vapor at a temperature of 160 degrees or at a pressure of 
two pounds or more if desired. The range of temperatures ob- 
tained in its operation makes the system particularly serviceable. 

28. Q. What other vacuum systems are in use at the present 
time? * • 

A. There are several types of vacuum systems known and 
used locally in certain sections, each of which, however, embodies 
some one of the principles described and illustrated in the foregoing 
systems. Many of these systems are unknown except in a re- 
stricted territory. 

To properly classify the following systems would be a difficult 
matter. We have divided them into three classes, viz.: Vapor 
systems, vapor-vacuum or vacuo-vapor systems, and atmospheric 
or modulated systems, although some of them might properly be 
considered in the non-mechanical vacuum class. 

Some of the so-called vapor systems make use of vacuum prin- 
ciples and some of those called vacuum-vapor are operated prin- 
cipally as vapor systems. 

It would seem that in naming each system the inventor or » de- 
signer, in many instances, sought to adopt a name which would 
distinguish his particular system from others of a similar character. 
The Broomell and Mouat systems are called "Vapor" systems, 
and that of the Vapor Regulator Company an "Atmospheric Vapor" 
system. The Moline, Kriebel and Kinealy systems are known as 
"Vacuum-Vapor" systems, and the Dunham non-mechanical 
system as "Vacuo- Vapor." 

Other systems such as the "Adsco" (American District Steam 
Company) are known as "Atmospheric" systems, and that of the 
Warren Webster Company as a "Modulating" system. 

Possibly it is sufficient to say that the vacuum systems mentioned 
and those described on the following pages represent the very 
latest ideas and practice in the circulation of steam or vapor at or 
below the pressure of the atmosphere or at a few ounces above 
atmospheric pressure, and their exact classification is not so im- 
portant a matter. 

The one feature common to all of these systems is that no air 
valves of any kind are employed on the radiators, all air being 
removed through an air or return line to the basement and ex- 
hausted from the system through some device installed for this 
purpose. 
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i. Q. What system of vapor heating may be called the orig- 
inal vapor system? 

A. The Broomell system was no doubt the first vapor system 
to be extensively used. 

2. Q. What method of piping is employed with this system? 
A. Any good method of piping, where a dry line is assured, 

will prove satisfactory. The sizes of mains and branches are 
much smaller than those required for an ordinary steam heating 
system. The return connections from the radiators are all Yi inch 
and where two are joined together the connection should be made 
% inch. The size of the main and return line is proportioned 
according to the size of the installation. 

3. Q. What type of radiators is used with the Broomell 
system? 

A. The hot water type, having the supply tapping at the top of 
one.end; the return tapping is usually at the bottom of. the opposite 
end. 

4. Q. What amount of radiation is required for the Broomell 
vapor system as compared with other methods of heating? 

A. About the same as for an ordinary hot water heating appara- 
tus. However, as with all other systems of heating, the best results 
are obtained from the operation of the system when an adequate 
amount of radiating surface is installed. The system being very 
sensitive it is necessary to use only as much of the radiation provided 
as may be necessary to supply the desired temperature in the 
room. 

5. Q. How are the radiators connected? 

A. At the supply end a special type of radiator valve called a 
quintuple valve is used and is so named from the fact that each 
valve has five holes or ports through the seat, and the handle 
which opens and closes the valve may be moved to open or close 
one, two or more of these ports as desired. At the return end of 
the radiator joining it to the return line is placed a special form 
of union elbow. Fig. 112 shows a sectional view of the valve and 
Fig. 113 the union elbow. 

6. Q. For what reason is the special type of radiator valve 
employed? 
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A. In order to admit to the radiator only as much vapor as is 
required to give the necessary amount of heat. . The radiator 
heats downward, the upper part being first filled with vapor by 
opening the valve one port and as the valve is opened further the 
vapor in greater quantity flows into the radiator, heating it further 
and further toward the bottom until, if desired, the entire surface 
of the radiator is available for warming. 

7. Q. How is the Broomell system regulated? 

A. An important part — possibly the all important part — of 

3» 
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Fig. 111. — Pump and Condenser — Bishop-Babcock-Becker System. 



the Broomell system is the combined receiver and regulator. This 
controls the draft doors of the boiler and controls the amount of 
heat furnished to the system. 

8. Q. What is the operation of this receiver and regulator? 

A. It is connected to the boiler and piping system as shown by 
Fig. 114. From the top of the receiver the air line is connected to 
a condensing radiator usually composed of several sections of 
indirect radiation suspended below the ceiling of the basement. 
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The receiver, operates the draft doors of the boiler by reason of a 
copper float moving up and down in the receiver according to the 
expansion of the water, a chain being attached from the float to 
the draft doors. If the draft door is allowed to remain open in 
such a manner that the chain from the damper regulator will not 
operate to close it, the water in the receiver will rise until the 
copper float engages with and lifts a lever connected with a relief 
valve which opens the valve and relieves the system of the ac- 
cumulated pressure. 



Fig. 112. — Quintuple Valve— BroomeD System. 

9. Q. What pressure is ordinarily carried on the boiler with 
this system? 

A. It is usual to set the appliance to open the relief valve at 
from 7 to 10 ounces of pressure. 

10. Q. What is known as the Houat vapor heating system? 
A. The Mouat vapor system is not unlike the system already 

described. Radiators are installed of similar capacity and are 
connected the same as on the system already described. At the 
return end of the radiator a special union elbow connection is 
provided which prevents the vapor from entering the return piping. 
A special form of a pressure regulator is used on the boiler which 
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operates the draft doors and the usual amount of pressure carried 
on the system is from 5 to 8 ounces. A fractional radiator valve 
is used on the supply of each radiator; it is placed at the top of 
one end, the condensation and air being exhausted through the 
opposite end of the radiator. Fig. 115 shows the character of the 
installation of the system. 

ii. Q. How is the piping installed for the Mouat vapor 
system? 

A. The supply main is run in a similar manner to the one-pipe 
system of steam heating, the drip at the end of each supply line 
returning wet to the boiler, the mains pitching from the boiler 
toward this drip connection. The return and air line is vented 
into the smoke flue and a swing check is employed at a point where 
it is connected into the return of the boiler. 

12. Q. What is the principal feature of the Mouat vapor 
system? 




Fig. 113.— Union Elbow— Broomell System. 

A. The Mouat regulator. The regulator or method of regu- 
lation is the principal feature of all vapor systems. In other 
respects the system differs but very little from all systems of a 
similar nature. 

13. Q. Describe the installation of the Trane system of vapor 

heating. 

A. The Trane system is installed in quite the usual manner for 
vapor heating. A supply pipe with branch connections conyeys 
the vapor through riser connections to the radiators, the supply 
being connected into the top of the radiator. The return may be 
connected from the bottom of the opposite end or in the case of 
second or upper floor radiators the return may be connected from 
the bottom of the supply end, making it more convenient for run- 
ning the risers. The Trane system is regulated by a very sensitive 
diaphragm regulator which is so adjusted as to operate the draft 
doors at a pressure of from 1 to 6 ounces. The return water of 
condensation and the air in the system are connected into a receiver, 
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the water returning by gravity. At the receiver the air and water 
separate, the air passing through the opening at the top of the 
receiver and the water returning to boiler through a pipe connecting 
with the return opening. A float on the inside of the receiver 
makes it possible to return the water to the boiler at any time and 
prevents the water from leaving the boiler even under a pressure 
of several pounds. Fig. 116 shows the appearance of the receiver. 

14. Q. How is the air exhausted from the radiators? 

A. A union elbow connection is made at the return of each 
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Fig. 114. — Receiver and Regulator — Broomell System. 

radiator. The spud 01 the elbow connecting to the radiator is 
closed with the exception of two small openings, one at the top 
and one at the bottom. The top opening is small for the escape 
of air and the bottom opening is made larger for the escape of 
water. The bottom opening is supposed to be completely filled with 
water at all times, the size of the hole being sufficient to allow the 
condensation to pass from the radiator to which it is attached. 

15. Q. How does the Trane system operate? 

A. When a pressure of a pound or more is attained at the 
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boiler, and the receiver is opened to the atmosphere, water will 
stand higher in the receiver than in the boiler, the same as would 
be the case with water in an ordinary water column without a 
top equalizing connection. As the pressure increases the level of 
the water rises in the receiver until the float closes the upper open- 
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Fig. 115. — Broomell Receiver and Regulator Connected to System. 



ing. At this time the system is filled and the pressure throughout 
beconjes more uniform, there being so little difference between 
the pressure in the boiler and receiver that the water of condensa- 
tion returns to the boiler by gravity. It is intended that sufficient 
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radiation be installed to warm a building with one or two ounces 
of pressure or with vapor at a slight pressure above that of the 
atmosphere. The various appliances used with the Trane system 
are intended to be so carefully adjusted as to operate the system 
at this small pressure. Vapor in the radiators is quickly condensed 
and returning to the receiver at the boiler is separated from the air 
and enters the boiler to be again quickly warmed. At the same 
time the system is so constructed that adjustment may easily be 




Fig. 116. — Receiver Trane Vapor System. 



made for excessively cold weather. Fig. 117 shows the general 
construction of the system. 

1 6. Q. What types of radiators and valves are required for 
the Trane system? 

A. The radiators should be of the hot water type, having a top 
and bottom connection, and the radiator valve used should be a 
graduated radiator valve, or, as they are sometimes called, a frac- 
tional valve, in order that the amount of vapor admitted to the 
radiator may be carefully and easily regulated. As with other 
vapor systems sufficient vapor may be admitted to warm only 
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the upper portion of the radiator, or one-half or three-quarters of 
its surface may be used as required, the amount of surface warmed 
always being conditioned by the amount of vapor admitted to it. 

17. Q. Describe the vapor system of the Vapor Regulator 
Company. 

A. The method of piping employed for use with this system is 
exactly similar to those already described. The features of the 
system are the manner of regulating the pressure by a float type 
of vapor regulator; the manner of draining the radiator of air 
and condensation through what is known as a bushing trap which 
may be used on the return end of all drop hub radiators, or through 
an appliance called a union trap which is used on the return end 
of any style of radiator. This trap is made in both straightway 
and angle patterns. The construction of it is not unlike the 




/ JDisJ fiir Indicating 

^'""" KSSKBvfJfe 



special union elbow employed with the Broomell system. The 
idea of both bushing and trap is to prevent the loss of vapor into 
the return line. Fig. 118 shows a detail of the regulator, non- 
overflowing vent and traps. 

One feature of the piping as used with this system is different 
from that employed on the ordinary system of vapor heating. A 
vent pipe is taken from the piping connection at the top of the 
receiver to a point on the second floor, where it is connected into the 
smoke flue. On this pipe is placed a non-overflowing vent, the 
purpose of which is, as its name suggests, to allow the air to be 
exhausted from the system without the possibility of the water 
overflowing through the vent pipe should a more than ordinary 
pressure be generated at the boiler. The radiators are connected 
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and the graduated supply valve employed precisely as with other 
vapor systems. Fig. 119 illustrates the method of installing this 
system. 

1 8. Q. What size of piping is recommended for use with 
this system? 

A. Pipe sizes for this system are not different from other vapor 
systems and the following table will give the sizes recommended 
for various quantities of radiation with mains of various lengths. 
In the event of an increase in the length of main beyond that given 
in the table the next larger sizejof supply and return is recommended. 
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Fig. 119. — Method of Installing Atmospheric System — Vapor 

Regulator Co. 



19. Q. Describe the Moline system of vacuum-vapor heating. 

A. The Moline system employs both vapor and vacuum prin- 
ciples designed to operate without the use of pumps or traps and 
in its general construction is in many respects similar to the ordinary 
vapor heating systems. The two-pipe method of connecting the 
radiators is used with the Moline system, one pipe conveying the 
vapor to the radiators and the other taking the air and water 
from the radiators; the principal difference between this and other 
systems being the method of separating the air from the return 
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water and of keeping the air out of the system by placing it under a 
partial vacuum. 

20. Q. How is the air exhausted from a Moline system? 

A. Through an automatic air trap which is a compound air 
trap and vacuum valve. This is placed on the system at a point 
near the boiler and is in reality an automatic air valve of such size, 
however, that it is very quick and efficient in expelling the air, 
and also prevents loss of steam. 

21. Q. How does this air trap operate? 

A. The operation of the trap is caused by the expansion and 
contraction of a small quantity of air contained in an open bottomed 
float. The usual automatic air valve operates by the expansion 
and contraction of a small expansion post or by the vaporizing of 
volatile fluid confined in a small float. These principles are not 
used on the Moline air trap. 

SIZES OF SUPPLY, RETURN AND DRIP PIPES — VAPOR HEATING. 





Square Feet of 
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32. Q. For what purpose is the Moline vacuum valve em- 
ployed? 

A. The Moline vacuum valve seals the piping and radiators 
against the return of air after it has once been expelled from the 
system. 

23. Q. In the removal of air from the Moline system what 
other appliances are required other than the air trap? 

A. An ejector and condenser. A radiator (usually one of the 
first floor radiators) is used as a condensing radiator on larger 
installations; on smaller installations a coil of pipe is used on the 
ceiling of the basement. A connection from the steam main is 
made to this coil or radiator. Fig. 120. The appliance called an 
ejector is placed on this connection and the return from the loop or 
condensing radiator is connected to the air trap. The steam passing 
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through the ejector causes a suction which draws the air from the 
system and delivers it to the air trap, from which it is exhausted 
to the atmosphere. Fig. 121 shows the method of installation 
and position of the various fixtures. 

24. Q. What is the operation of the Moline system? 

A. The first heat from the boiler expands the air and forces it 
from the system through the condenser, ejector and air trap. As 
soon as vapor is formed in the boiler it flows through the system 
and reaching the ejector flows through it with sufficient velocity 
to draw the air from the air main. This action reduces the air 
pressure in the radiators and causes a more rapid circulation of 
the vapor to them. After all radiators are thoroughly heated a 
small quantity of vapor passes through the ports or openings in 
the return valves to the condenser. When the condenser becomes 
heated the vapor travels on to the air trap. After reaching the 



Fig. 120. — Ejector and Condenser — Moline System. 



air trap it expands a small volume of air in the trap float and closes 
the opening of the air trap so that no vapor can escape. When the 
steam pressure is removed at the boiler or the system allowed to 
cool the air trap cools and opens up, but the vacuum valve closes 
tightly and prevents the return of air, with the result that the 
system is placed under a partial vacuum and the heat given off at the 
radiators condenses as long as there is any vapor in the system. 
When the drafts of the boiler are again opened and a slight pressure 
is raised on it above that of the atmosphere the vapor or steam can 
pass without interruption into all of the radiators the same as on 
a vacuum installation. 

25. Q. What sizes of pipes are used in the installation of a 
Moline system? 

A. The mains and returns should be sized as follows: 
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Square Feet of Radiation. 


Size of Main. 


Size of Return, 


100 to 300 sq. ft. 


\Yi inches 


1 inches 


300 to 600 " 


2 " 


IX " 


600 to 1,000 " 


2H " 


m u 


1,000 to 1,400 " 


3 


2 " 


1,400 to 1,800 " 


3^ " 


2 " 


1,800 to 2,500 " 


4 " 


2 " 


2,500 to 3,500 " 


4^ " 


2H " 


3,500 to 5,000 " 


5 


2H " 



SIZES OF BRANCHES AND RISERS. 

% inch will supply 60 sq. ft. in one radiator J^ inch return 
1 " " " 100 " " " " Yl 

\\i " " " 150 " " " " % 

26. Q. What is known as the Kriebel system of heating? 
A. The Kriebel system may be called a vapor system or a 
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Fig. 122.— Baffler— Kriebel System. 

vacuum-vapor system as its installation combines both vapor and 
vacuum principles of heating. 

27. Q. How is the Kriebel system installed? 

A. The arrangement of the piping is very similar to that re- 
quired for the ordinary low pressure gravity return steam job. 
The connections to radiators are made two-pipe, the supply being 
connected at the top of a radiator and the return and air line con- 
nected at the bottom of the opposite end. 

28. Q. What size of piping is necessary for this system? 

A. As the Kriebel system operates at a temperature below 
atmospheric pressure or slightly above it the piping should be the 
size ordinarily employed for vapor heating, the best results being 
obtained where a carefully constructed system of piping has been 
installed. 
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29. Q. What method is used in connecting the radiators for 
this system? 

A. A graduated supply valve is used in order to more easily 
govern the amount of vapor or steam admitted to a radiator, and 
on the return end, in order to prevent the loss of vapor or steam 
into the return line, there is placed a union elbow in which a small 
baffler is employed; the baffler being quite similar to the clapper 




- Vent 
Pig. 123. — Controller— Kriebcl System. 

of an ordinary swing check valve, but lightened to such an extent 
that a very small weight of water will operate it. When sufficient 
condensation has collected to open the baffler the water is passed 
through into the return line, when it immediately closes against 
the steam or vapor. Fig. 122 illustrates this elbow. 



Fig. 124. — Circulation Through Radiator— Kriebcl System, 

30. Q. How is the air expelled from a Kriebel system? 

A. Through an appliance known as a vapor-vacuum controller. 
This controller is in reality an expansion air trap composed of a 
brass expansion tube and valve held in an iron frame which is 
attached to the ceiling of the basement at a point near the boiler. 
This controller has an adjusting device on the valve, a spring 
holding the seat in place, and there is also provided an air outlet 
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with a baffler. The controller allows all air to escape from the 
system until sufficient heat reaches it to close it by expansion, when 
the piping system is held under a vacuum. The character of the 
controller is shown by Fig. 123. 

31. Q. Describe the operation of the Kriebel system. 

A. Shortly after the fire has been started in the boiler, the 
vapor commences to rise from the water in it and to flow through 
the main supply pipe into the radiators. As the vapor enters the 
piping the air is forced ahead of it and discharged from the radiators 
through the bafflers into the air and return line. From there it is 
ejected from the system through the controller, the controller at 
this time acting as a large air valve for the entire system. As 
soon as the heat enters the brass expansion tube of the controller 
it expands and closes the exhaust opening; this action closes the 
system against the pressure of the atmosphere. 

The system is now filled with vapor or steam and when the 
drafts of the boiler are closed the system is placed under a vacuum 
by reason of the action of the controlling device and all radiators 
will continue to give off heat as long as there is any vapor present 
in the system. Immediately more heat is provided at the boiler 
by opening the drafts, the vapor or steam generated flows unin- 
terrupted through all the piping and radiating surfaces. The 
system is very simple in operation. 

The flow of vapor through a radiator is illustrated by Fig. 124. 
The vapor enters at the top of one end of the radiator, passes to 
the opposite end and condenses as it settles toward the bottom of 

* 

each loop. Fig. 125 illustrates the manner of piping and general 
method of installing the Kriebel system. 
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i. Q. What system is known as the "Atmospheric system"? 
A. The Adsco system of the American District Steam Co. 

2. Q. Describe this system and its method of operation. 

A. This system is adapted for use with the one-pipe circuit or 
regular one-pipe gravity method of piping. It is not a vacuum 
system as no vacuum principles are applied. It is intended that 
only so much steam as is required be admitted to each' radiator 
and for this purpose & graduated supply valve is employed and the 
supply connection is made at the top of one end of each radiator, 
which should be of the hot water type; the condensation leaves the 
radiator through a union elbow at the bottom of the opposite end 
of the radiator and is returned to boiler through a gravity return, 
where it is connected into a graduated receiver which is open to 
the atmosphere through a vent line connected into a chimney flue. 
The condensation passes by gravity from the bottom of the receiver 
to the boiler. 

The system operates without pressure except that of a few 
ounces at the boiler. 

3. Q. What special appliance controls the operations of the 
boiler? 

A. A combined damper regulator and relief valve which is 
extremely sensitive and will operate the drafts of the boiler with a 
few ounces of pressure. It is connected to the boiler in the same 
manner as the water bottle of a common diaphragm regulator and 
will maintain an equal pressure at all times. 

4. Q. What type of boiler is used with this system, and what 
boiler capacity should be provided? 

A. Any good type of low pressure boiler may be used. The 
boiler selected should have a low water line so there may be suffi- 
cient height in the average cellar or basement from the water line 
of the boiler to the top of the receiver into which the returns must 
connect. 

The boiler should have at least 50 per cent, more rated capacity 
than the actual square feet of radiation to be supplied. 

5. Q. What is the character of the receiver into which the 
returns are connected? 

A. A specially constructed cylindrical shaped casting with 
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openings at the top for air outlet and return connections and an 
opening at the bottom for drip or return connections to the boiler. 
On the receiver is placed a scale graduated in ounces and a water 
gauge, the glass of which is open to the atmosphere. 

6. Q. Can this system be applied to heating installations 
other than of the character described? 

A. This system (by the addition of some special gauges, etc.) 
may be used on high pressure installations (with reduced pressure) 
or an apparatus receiving the steam supply from a central plant. 

7. Q. What size of piping is required for the Atmospheric 
system? 

A. The following table gives the size of main and return piping 
recommended for installations of various size: 

SIZES OF MAIN AND RETURN ATMOSPHERIC SYSTEM. 



Square Feet of 
Radiation. 



50 Feet 

75 " 



Main Steam 
Pipe. 



125 

200 

300 

600 

900 

2,200 

3,600 

6,000 
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Return Pipe. 


Length of Pipe of 
Given Sizes. (See Note.) 


% Inch 


30 Feet 


H " ■ 


60 " 


1 


70 " 


1 " 


70 " 


IX " 


140 " 


IX " 


200 " 


m " 


250 " 


2 


300 " 


2 


350 " 


V/i " 


650 " 



Note. — If greater length of pipe is required than is given in the table, use 
next larger size. 

8, Q. What is the Webster modulation system of heating? 

A. A two-pipe steam system connected with the ordinary type 
of low pressure boiler and so installed that a pressure of from 
8 ounces to 1^ pounds will furnish all heat necessary. There 
is no pressure on the return lines as they are vented to the atmo- 
sphere and therefore no possibility of water hammer in the piping. 

Graduated supply valves are used on the radiators (which should 
be of the hot water type) the connection being made at the top of 
the radiator. The return is connected from the bottom of the 
end opposite to the supply and at this point a special automatic 
device called a water-seal motor is placed which takes the place 
of the usual valve or air trap on the return. 
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9. Q. What method of piping is employed for this system? 

A. The method of piping is very much the same as that em- 
ployed for the regular two-pipe gravity system of steam heating, 
except that smaller sizes of piping are used. No air valves are used 
or required with this system. 
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z. Q. What modern methods are employed for warming 
greenhouses and conservatories? 

A. Steam and hot water systems are both used; steam at low 
pressure or hot water, both open tank and pressure systems. 

2. Q. Which system is more generally employed? 

A. Hot water. There are doubtless four or five hot water 
systems used to one of steam. 

3. Q. What reason can be assigned for this favoring of hot 
water? 

A. Several conditions contribute to this. Thousands of the 
smaller greenhouses and conservatories are maintained for the 
propagation of choice flowers for private use and these are in- 
variably heated with hot water. Steam is used more particularly 
in commercial houses of large acreage in which hothouse vegetables, 
fruits or flowers are grown for market sale. Houses of this char- 
acter have firemen who attend the heating apparatus day and night; 
on the contrary the heating plant in a smaller or private conserva- 
tory seldom has night attendance and for this reason hot water 
heat is preferred, as should the fire for any reason get low the water 
continues to circulate and give off heat for hours. 

4. Q. Which type of apparatus is considered to be the best 
for the propagation of fruit, vegetables, or flowers? 

A. Hot water. The heat from hot water in circulation is mild 
and the atmosphere in a house heated by hot water is balmy and 
humid and well adapted to the strong and healthy growth of the 
plants. 

5. Q. Which is the more economical system to use — steam 
or hot water? 

A. Hot water is the more economical with regard to the fuel 
requirements, and a considerable saving in fuel is effected by 
using hot water in preference to steam. As the cost of heating is 
the largest single item of the florists' expenses, this fact no doubt 
has largely to do with their preference for hot water heat. 

6. Q. In what shape are greenhouses usually built, and how 
are they constructed? 

A. As a rule greenhouses are built long and narrow. Some 
houses have an aisle two and one-half or three feet wide in the 
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centre with beds from four to six feet wide on either side. Larger 
houses have a wide centre bed in addition to those on the sides 
and consequently have two aisles. The general construction of 
all commercial houses is similar. They are sided with boarding 
single or double to the height of the beds; the roof and ends above 
this line are glass. In low built houses the eaves of the roof begin 
slightly above the outer edge of the beds. In larger houses there is 
sometimes a belt of glass between the eaves of the roof and the beds. 
The pitch of the roof is about one-third to the ridge. Large private 
conservatories and those in parks and botanical gardens are built 
in a variety of shapes with all sorts of roof construction, making 
it necessary to adapt the heating system to the style of construction 
followed. 

7. Q. How is the radiation required for heating a greenhouse 
determined? 

A. The amount of glass surface is alone figured in estimating 
radiation as practically all of the cooling surface is glass. 

8. Q. How can the glass surface in the ordinary greenhouse 
be quickly determined? 

A. For an approximate estimate, when only the dimensions of 
the house are given, the glass surface may be considered as equal 
to the length of the building multiplied by the width plus one- 
third; the one-third allowance being equal to the ends and the 
pitch of the roof. Should the greenhouse have a belt of glass on 
the sides and ends, this additional glass surface should be added. 

9. Q. What temperature must be maintained inside of a 
greenhouse in zero weather? 

A. The temperature required depends upon the character of the 
plants or flowers grown. A night temperature is figured on the 
basis of zero outside and 45 to 55 degrees inside for carnations, 
60 to 65 degrees for roses, 55 to 60 degrees for chrysanthemums, etc. 

10. Q. What kind of radiating surface is employed for green- 
house heating? 

A. Pipe coils are used almost exclusively on account of the 
large area of surface covered by a pipe coil and the more evenly 
distributed heat. 

11. Q. How is the amount of radiating surface required de- 
termined? 

A. For steam to obtain the square feet of heating surface 
divide glass surface by 7 to obtain a temperature of 50 degrees, 
6}^j for 55 degrees, 6 for 60 degrees, 5H for 65 degrees or 5 for 70 
degrees. 
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For hot water use as divisors: 4, 3%, 3^£, Z\i and 3. This is for 
zero weather. For climates where there are protracted periods of 
temperature below zero add V/<z per cent to the radiating surface 
for each degree below zero. The following tables while not strictly 
in accordance with the above rules are considered sufficient for 
average requirements. 

FOB STEAM. 





1 


Number Square Feet Radiation Required at 


Square Feet 












Glass 












Exposure. 


40 Deg. 


46 Deg. 


, SO Deg. 


60 Deg. 


70 Deg. 


100 


11 


13 


14 


17 


20 


200 


23 


25 


30 


33 


40 


300 


34 


38 


43 


50 


60 


400 


45 


50 


57 


67 


80 


500 


56 


63 


72 


83 


100 


1,000 


112 


125 


143 


167 


200 


2,000 


223 


250 


286 


333 


400 


3,000 


334 


375 


429 


500 


600 


4,000 


445 


500 


571 


667 


800 


5,000 


556 

f 


625 


714 


833 


1,000 


10,000 


1,112 


1,250 


1,429 


1,667 


2,000 


20,000 


2,223 


2,500 


2,857 


3,333 


4,000 


30,000 


3,334 


3,750 


4,286 


5,000 


6,000 


40,000 


4,445 


5,000 


5,714 


6,667 


8,000 


50,000 


5,556 


6,250 


7,143 


8,333 


10,000 



FOR WATER. 



Square Feet 


Number Square Feet Radiation Required al 




Glass 












Exposure. 








r 






40 Deg. 


45 Deg. 


50 Deg. 


60 Deg. 


70 Deg. 


100 


17 


20 


25 


29 


33 


200 


33 


40 


50 


57 


67 


300 


50 


60 


75 


86 


100 


400 


67 


80 


100 


114 


133 


500 


83 


100 


125 


143 


167 


1,000 


167 


200 


250 


286 


333 


2,000 


333 


400 


500 


572 


667 


3,000 


500 


600 


750 


857 


1,000 


4,000 


667 


800 


1,000 


1,143 


1,333 


5,000 


833 


1,000 


1,250 


1,429 


1,667 


10,000 


1,667 


2,000 


2,500 


2,857 


3,333 


20,000 


3,333 


4,000 


5,000 


5,714 


6,667 


30,000 


5,000 


6,000 


7,500 


8,572 


10,000 


40,000 


6,667 


8,000 


10,000 


11,429 


13,333 


50,000 


8,333 


10,000 


12,500 


14,286 


16,666 
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Radiation called for by above table is for tight, well-built houses. 
For poorly constructed houses add at least 10 per cent. 

la. Q. What boiler capacity is required for this class of 
heating, and how is the proper size determined? 

A. Greenhouses offer very little resistance to the cold, and 
therefore require strong boiler power in order to provide quickly 
for additional warmth to meet the demands of a sudden drop in 
temperature: therefore ample capacity should be figured. In 
determining boiler capacity consider 100 square feet of greenhouse 
coils as equivalent to 125 square feet of cast iron radiation. 

3uppli. 



Fig. 126. — Method of Piping a Greenhouse. 

Reserve equal to 50 per cent, of the total actual requirements 
should be provided. 

13. Q. What method of piping is employed in installing a 
heating apparatus for a greenhouse? 

A. The system commonly called the "overfed system" is most 
frequently used owing to the benefit derived from a more even 
distribution of the heating surface. 

14. Q. Describe the overfed system and method of piping. 

A. It is usual for the flow main (or mains — there may be more 

than one) to enter the house at the end nearest the boiler and to 

run overhead to the far end of the bouse, the pipe being hung on 
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the centre posts supporting the roof. At the far end this pipe is 
divided, the branches dropping to supply coils usually run under 
the beds. The flow pitches downward to the far end of the house 
and the coils pitch downward toward the boiler end; thus there is 
perfect drainage provided which insures a good circulation. At 
the boiler end of the house the returns from coils are usually con- 




Fig. 127. — Elevation of Greenhouse Piping System. 



nected together into a single pipe which leads to the return of the 
boiler. Fig. 126 illustrates this method. 

15. Q. Is there a difference in the method of piping for hot 
water or steam heating? 

A. The general arrangement of the flow and also of the return 

coils is similar for both systems. If hot water is used the air is 

exhausted from the system from the high point of the piping through 

the expansion tank connection at this point. 
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1 6. Q. Where is the expansion tank located, and how should 
it be connected? 

A. In building a greenhouse it is usual to erect a potting shed 
at one end. This portion of the building is usually excavated for 
a cellar or pit to accommodate the boiler and in many instances 
has a second floor for use as storage or for the use of the man who 
attends the heating apparatus. The tank is located in this build- 
ing well above the high point of the piping and it is connected to 
the system in the same manner as for the regular overhead system 
of hot water heating. Fig. 127 shows an elevation of a small house 
and potting shed. 

1 7. Q. How and where should valves be placed on a heating 
system for a greenhouse? 

A. It is customary to divide the piping into two or more coils 
according to the size of the house, and each section or unit of 
radiation should be so valved that a part of the heating surface 
may be cut out in moderate weather when only a portion of it is 
required to maintain the desired temperature. 

18. Q. Is an accelerated or pressure system adapted to this 
class of heating? 

A. Pressure systems are very commonly employed, a safety 
valve being used on the outlet of the*expansion tank. Accelerated 
systems may be readily adapted to this work and in the case of 
exceptionally large plants centrifugal pumps can be employed to 
advantage. 
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INFORMATION, RULES, AND TABLES. 

The rules, tables and data given on the following pages have 
been compiled with great care from competent authorities, and 
the author believes the same to be thoroughly reliable. 

For reference the information given will prove of value and 
service when used in connection with practical experience. 

AIR. 

Air is an elastic gas composed of 1/5 oxygen and 4/5 nitrogen, 
and a small amount of carbonic acid gas. 

Air expands 1 /179 of its bulk. Air may be compressed to liquid 
form. 

One pound of air contains 13,817 cubic feet. 

The weight of one cubic foot of air at 32 deg. Fahr. is .080728 
pound. At 86 deg. Fahr. a cubic foot of air weighs .07286 pound. 

It requires .02056 heat unit to raise the temperature of one 
cubic foot of air one degree, or 1.4392 heat units to raise the tem- 
perature of a cubic foot of air from zero to 70 deg. Fahr. 

Theoretically it requires 12 pounds of air to burn 1 pound of 
coal. Practically 16 to 18 pounds of air may be used. 

The pressure of the air (atmospheric pressure) is 14.7 pounds at 
sea level. The earth is surrounded by a belt of atmosphere some- 
thing more than forty miles in thickness. The weight of this air 
presses down upon the earth, exerting an average pressure of 14.7 
pounds per square inch. 

Air contains more or less moisture (aqueous vapor), the amount 
varying with the temperature. Air at a temperature of 32 deg. 
Fahr. can sustain vapor equal to one one hundred and sixtieth 
(1 /160) part of its own weight. At 86 degrees it can sustain one 
one hundred and fortieth (1 /140) part of its own weight. 

WATER. 

Water is composed of two parts hydrogen and one part oxygen. 

Water weighs 62^ pounds per cubic foot, or 83^ pounds per 
gallon, and there are lYi gallons in a cubic foot. 

Water is at its greatest density and occupies the least space 
at 39 deg. Fahr. 

Water freezes at 32 deg. Fahr. and boils (at sea level) at 212 

degrees. It expands 1/10 of its bulk in freezing and 1/23 of its 

bulk in boiling. 
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Water boils at a lower temperature as atmospheric pressure is 
removed; therefore the higher above sea level the lower the tem- 
perature of the boiling point. 

Water expands about 1700 times its volume in changing into 
steam. One cubic inch of water produces one cubic foot of steam. 

Water in circulation is the best known absorbent of heat (except- 
ing mercury) and has greater specific heat than any other liquid. 

Water in a radiator at a temperature of 180 degrees — tempera- 
ture of room 70 degrees — emits or gives off to the air 150 B. T. U. 
per square foot per hour. 

The water contained in a cast iron radiator of the ordinary type 
is approximately one pint for each square foot of radiator surface. 

It requires 966 B. T. U. to evaporate 1 pound of water into steam 
from and at 212 degrees; 34.5 pounds of water evaporated from 
and at 212 degrees equals one horse-power. 

A column of water 27.672 inches high gives a pressure of one 

pound. A common estimate is one-half pound pressure for each 

foot in height. 

STEAM. 

Steam is the vapor arising from water at or above its boiling 
point, 212 degrees. Steam proper is perfectly transparent and 
colorless, dry, and wholly invisible except when partly condensed. 
It is moist only when condensed. 

Saturated steam is steam which, in contact with the fluid from 
which it is formed, carries with it a proportion of its moisture. 

Superheated steam is steam heated to a temperature higher than 
is due to its pressure after leaving the fluid from which it is formed. 

The elastic force of steam is equal to the pressure under which 
it is generated. For example, if generated to a pressure of 50 
pounds and freed, its elastic force free will be 50 pounds. 

Steam rising from water at its boiling point (212 degrees) has a 
pressure equal to that of the atmosphere (14.7 pounds per square 
inch) and at this pressure one pound of steam contains 27.222 
cubic feet. 

Steam in a radiator at a temperature of 3 to 5 pounds — tem- 
perature of the room 70 degrees — emits or gives off to the air of the 
room 250 B. T. U. per square foot of radiating surface per hour. 

FUEL. 

Fuel is any substance that can be burned to produce heat. The 

common varieties of fuel are wood, peat, lignite, coal, gas and oil. 

Coal is the principal fuel in the United States and many other 
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countries of the world. Coal is ordinarily classified as anthracite 
and bituminous, or hard and soft coal. 

Anthracite is the hardest of all varieties of coal, richest in carbon 
and greatest in density. Anthracite is almost entirely a product 
of the State of Pennsylvania. 

"True anthracite, when pure, is slow to ignite, conducts heat 
very badly, burns at a very high temperature, radiates an intense 
warmth, and is difficult to quench." — Barr. 

Bituminous coal is a "soft" coal containing a large amount of 
volatile (gaseous) matter which burns with a smoky flame. It is 
found in various parts of the United States, the better grades 
coming from Pennsylvania. 

More than 2,000 years ago coal was mined and used in certain 
parts of the Chinese empire and had been known for years prior 
to that period. 

Virginia coal (bituminous) was mined as early as 1750. Anthra- 
cite coal was mined in the Wyoming Valley near Wilkes-Barre 
in 1768. Coal was mined in the years 1770, 1776, and 1791 in other 
sections of Pennsylvania. 

The calorific values of fuel of various kinds average about as 
follows: 

Anthracite coal, 12,000 to 14,500 B.T.U. per pound. 
Bituminous coal, 11,000 to 15,500 " " " 
Petroleum (raw), 18,500 to 20,000 " " " 
Wood, 2J4 pounds of dry cord wood equals 1 pound of coal. 

For low pressure heating purposes, from 5 to 7 pounds of coal 
per hour are usually considered for each square foot of grate; for 
high pressure, 12 to 15 pounds per hour for each square foot of 
grate. 

Three tons of anthracite coal per heating season for each 100 
square feet of steam radiation and \ l A tons for each 100 square 
feet of hot water radiation for the heating season is considered a 
fair average of fuel consumption. 

Fifty pounds of anthracite or 40 pounds of soft coal will occupy 
a space equal to one square foot of grate. 

A ton of hard coal occupies space equal to 37 cubic feet; a ton of 
soft coal occupies 40 cubic feet of space. 

MISCELLANEOUS. 

Horse-Power. 

One horse-power is the power required to raise 33,000 pounds 
one foot high in one minute; or 
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The evaporation of 30 pounds of water per hour from a feed 

water temperature of 100 deg. Fahr. into steam at 70 pounds gauge 
pressure. This is equivalent to 34^ pounds from and at 212 
deg. Fahr. 

Tank Capacity. 

To find the number of gallons in a round tank multiply the 
diameter in inches by itself and the result by 0.34. 

To find the number of gallons in a rectangular tank determine 
the cubical contents by multiplying together the length, breadth 
and height. Multiply this result by 7.48 (the U. S. gallons in one 
cubic foot). 

Mensuration. 

Diameter X 3.1416 = Circumference. 
Diameter X 0.8862 = Side of an equal square. 
Diameter squared X 0.7854 = Area of a circle. 
Circumference + 3.1416 = Diameter. 
* Circumference + 6.28318 = Radius. 
Circumference X }4 the diameter = Area of circle. 
Square inches X 0.007 = Square feet. 
Cubic inches X 0.00058 = Cubic feet. 

Surface in Pipe Coils. 

To ascertain the lineal feet of pipe to use when heating by pipe 
coils, multiply the square feet of radiating surface required as 
follows : 

For 1 -inch pipe multiply radiating surface by 0.3 
" 134- " " " " " " 2.3 

" 1J4- " " " " " " 2.0 

Blowing Off Boiler. 

To remove oil and greasy scum from a boiler it should be blown 
off under pressure. 

Close the valves on supply and returns, or, if none, close all 
radiator valves. Build a wood fire and generate a pressure of ten 
or twelve pounds, then open the blow-off valve and draw the fire, 
open all doors and allow the boiler to thoroughly cool before closing 
the blow-off cock. When cold refill and build the fire. 

Boilers on new work should be blown off two or three times at 
intervals of two to three weeks. Boilers on old work should be 
blown off every fall before starting a coal fire. 
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To Clean a Water Gauge. 

To clean the glass gauge on the water column without removing 
the same, add a teaspoonful of muriatic or other raw acid to a cup 
of hot water; close both water gauge valves. — Open the draw-off 
or pet-cock at the bottom and the upper water gauge valve and blow 
the water out of the glass, then immediately close the top valve 
and submerge the end of the pet-cock in the acid solution. The 
vacuum caused in the gauge glass sucks in the solution. By keeping 
the pet-cock in the solution and alternately opening and closing 
the upper gauge valve, the solution may be drawn into and expelled 
from the glass until it is clean. Finally, close the pet-cock and 
open both gauge valves. There should be one or two pounds of 
steam pressure on the boiler at the time of the operation. 

The Care of a Heating Apparatus. 

Proper care of a heating apparatus adds largely to its record 
of efficiency. 

All valves upon a steam job should be left open in the summer 
when not in use. 

Hot water apparatus when unused during the summer should 
always remain filled with water. This prevents rusting. All doors 
on the heater should be open and the smoke pipe should be taken 
down and cleaned and the boiler thoroughly cleaned of ashes and 
soot. 

In the fall before starting a fire the hot water apparatus should 
be emptied and then refilled with fresh water. 

Heating Surface in Tvbular Boilers. 

To ascertain the heating surface in tubular boilers multiply two- 
thirds the circumference of the boiler by the length of the same 
in inches and add to it the outside surface of all the tubes. 

Strength of Tubular Boilers. 

One-sixth of the tensile strength of plate multiplied by the thick- 
ness of the plate and divided by one-half the diameter of the boiler 
gives a safe working pressure for boilers having single riveted 
longitudinal seams. For boilers having double riveted seams 
add 20 per cent. 

Chimneys. 

The chimney has rightly been called the pulse of the heating 
system. When called to look at a "sick" job of heating the first 
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move should be to test out the pulse of the system — the chimney — 
for here lies 90 per cent, of all trouble. 

A study of chimneys and their peculiarities is one of the first 
requirements of the doctor of heating — otherwise the heating 
engineer. 

Bronzing and Painting. 

The work of a heating contractor, in a large measure, is judged 
by the neatness displayed in finishing a job. 

Radiators and exposed piping look best when treated with plain 
gold or aluminum bronze, the surfaces having first been primed 
with a coat of flat color, white or light gray if aluminum is to be 
used, or yellow ochre if gold is selected. 

A pound of gold bronze and a quart of liquid will cover 100 feet 
of direct radiation. Aluminum bronze having more bulk requires 
about J/2 pound for 100 feet of radiation. 
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TABLE I. 

BOILING POINTS OF FLUIDS. 

Ammonia 140 deg. Fahr. Phosphorus . . . .554 deg. Fahr. 

Alcohol 173 . " Sulphur 570 

Benzine 176 " Sulphuric Acid .. . 590 " 

Water 212 " Linseed Oil 597 

Sea Water 213 " Mercury 676 " 



TABLE II. 



TEMPERATURE OF FIRE. 



Approximate — Judged by its Appearance 

Table of M. Pouillet. 

Appearance of Fire. Temperature. 

Red, Just Visible 977 deg. Fahr. 

Red, Dull 1290 

Red, Cherry Dull 1470 

Red, Cherry Full 1650 

Red, Cherry Clear 1830 

Orange, Deep 2010 

Orange, Clear 2190 

White Heat 2370 

White, Bright 2550 

White, Dazzling 2730 
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TABLE III. 



APPROXIMATE MELTING POINTS OF METAL. 



Mercury 

Tin 442 

Bismuth 510 

Lead 618 

Zinc 750 

Aluminum 1150 

Bronze 1692 



—39 deg. Fahr. Silver 1850 deg. 

Brass 1900 

Gold 2100 

Copper 1975 

Cast Iron 2100 

Steel 2532 

Wrought Iron . 2850 



Fahr, 
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Alloy, 3 Lead, 2 Tin, 1 Bismuth 199 

Alloy, \y 2 Tin, 1 Lead. . . : 334 

Alloy, 1 Tin, 1 Lead 466 
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TABLE IV. 



ABBAS OF CIRCLES. 



Size 

H 

% 
X 
H 
% 
X 



l 



8 



X 
H 
X 
X 

v% 

H 

Vs 

X 

X 

X 
H 

x 
*x 

i 

x 

X 

x 

I 

V, 



0.0123 
0.0491 
0.1104 
0.1963 
0.3067 
0.4417 
0.6013 
0.7854 
0.9940 
1.227 
1.484 
1.767 
2.073 
2.405 
2.761 
3.141 
3.976 
4.908 
5.939 
7.068 
8.295 
9.621 
11.044 
12.566 
15.904 
19.635 
23 . 758 
28 . 274 
33.183 
38.484 
44.178 
50.265 
56.745 
63.617 
70 . 882 



Size 


Are* 


Size 


10 


78.54 


30 


X 


86.59 


31 


11 


95.03 


32 


x 


103.86 


33 


12 


113.09 


34 


X 


122.71 


35 


13 


132 . 73 


36 


X 


143.13 


37 


14 


153 . 93 


38 


X 


165.13 


39 


15 


176.71 


40 


X 


188.69 


41 


16 


201.06 


42 


Yi 


213.82 


43 


17 


226.98 


44 


y% 


240.52 


45 


18 


254.46 


46 


y* 


268.80 


47 


19 


283 . 52 


48 


y* 


298.64 


49 


20 


314.16 


50 


H 


330 . 06 


51 


21 


346 . 36 


52 


H 


363 . 05 


53 


22 


380.13 


54 


X 


397.60 


55 


23 


415.47 


56 


X 


433 . 73 


57 


24 


452 . 39 


58 


X 


471.43 


59 


25 


490.87 


60 


26 


530.93 


61 


27 


572.55 


62 


28 


615.75 


63 


29 


660.52 


64 



706.86 
754.76 
804.24 
855.30 
907.92 
962.11 
1017.8 
1075.2 
1134.1 
1194.5 
1256.6 
1320.2 
1385.4 
1452.2 
1520.5 
1590.4 
1661.9 
1734.9 
1809.5 
1885.7 
1963.5 
2042.8 
2123.7 
2206.1 
2290.2 
2375.8 
2463 . 
2551 . 7 
2642 . 
2733.9 
2827.4 
2922.4 
3019.0 
3117.2 
3216.9 



Size 



65 

66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 



Are* 

3318.3 

3421 . 2 
3525 . 6 

3631 .6 
3739.2 
3848.4 
3959.2 
4071.5 

4185 . 3 
4300.8 
4417.8 
4536.4 
4656.0 
4778.3 
4901.6 
5026.5 
5153.0 
5281.0 
5410.6 
5541.7 
5674.5 
5808.8 
5944.6 
6082.1 
6221 . 1 
6361.7 
6503 . 8 
6647.6 
6792.9 
6939.7 
7088.2 
7238.2 
7389 . 8 
7542.9 

7697 . 7 
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TABLE V. 

CHIMNEY FLUES. 



Steam 


Water 




Height of Chimney in Feet. 




♦Square Feet 


•Square Feet 
Bated Boiler 














Rated Boiler 














Capacity 


Capacity 


30 


40 


so 


«o 


80 


100 


250 


375 


7.0 


■ • ■ ■ 


■ • • ■ 


• • • • 


• • • a 


• • • * 


500 


750 


9.2 


8.8 


8.2 


8.0 


m m • • 


• • • • 


750 


1,125 


10.8 


10.2 


9.6 


9.3 


8.8 


8.5 


1,000 


1,500 


12.0 


11.4 


10.8 


10.5 


10.0 


9.5 


1,500 


2,250 


14.4 


13.4 


12.8 


12.4 


11.5 


11.2 


2,000 


3,000 


16.3 


15.2 


14.5 


14.0 


13.2 


12.6 


3,000 


4,500 


18.5 


18.2 


17.2 


16.6 


15.8 


15.0 


4,000 


6,000 


22.2 


20.8 


19.6 


19.0 


17.8 


17.0 


5,000 


7,500 


24.6 


23.0 


21.6 


21.0 


19.4 


18.6 


6,000 


9,000 


26.8 


25.0 


23.4 


22.8 


21.2 


20.2 


7,000 


10,500 


28.8 


27.0 


25.5 


24.4 


23.0 


21.6 


8,000 


12,000 


30.6 


28.6 


26.8 


26.0 


24.2 


23.4 


9,000 


13,500 


32.4 


30.4 


28.4 


27.4 


25.6 


24.4 


10,000 


15,000 


34.0 


32.0 


30.0 


28.6 


27.0 


25.4 



* Indirect radiation should be made equivalent to direct radiation by 
adding 50 per cent. 

TABLE VI. 

PRESSURE IN INCHES OF WATER BT SIPHON DRAFT GAUGE. 



Height 
Water 
Inches 


Pressure 

per 
Pound 


Velocity 
Feet per 
Second 


Velocity 
Feet per 
Minute 


Height 
Water 
Inches 


Pressure 

per 
Pound 


Velocity 

Feet per 

Second 


Velocity 
Feet per 
Minute 


.i 


.521 


15.05 


903 


1.1 


5.731 


49.9 


2994 


.15 


.781 


18.17 


1090 


1.15 


5.991 


57.0 


3060 


.2 


1.042 


21.3 


1278 


1.2 


6.252 


52.1 


3126 


.25 


1.302 


23.05 


1090 


1.25 


6.512 


53.2 


3189 


.3 


1.563 


26.06 


1564 


1.3 


6.773 


54.2 


3252 


.35 


1.823 


28.08 


1685 


1.35 


7.033 


55.3 


3315 


.4 


2.084 


30.1 


1806 


1.4 


7.294 


56.3 


3378 


.45 


2.344 


31.76 


1911 


1.45 


7.554 


57.4 


3415 


.5 


2.605 


33.6 


2016 


1.5 


7.815 


58.2 


3492 


.55 


2.865 


35.2 


2112 


1.55 


8.075 


59.3 


3523 


.6 


3.126 


36.8 


2208 


1.6 


8.336 


60.2 


3612 


.65 


3.386 


38.3 


2298 


1.65 


8.596 


61.3 


3666 


.7 


3.647 


39.8 


2388 


1.7 


8.857 


62.0 


3720 


.75 




41.2 


2469 


1.75 


9.117 


63.1 


3774 


.8 


4.168 


42.5 


2550 


1.8 


9.378 


63.8 


3828 


.85 


3.907 


43.8 


2628 


1.85 


9.638 


64.9 


3882 


.9 


4.689 


45.1 


2706 


1.9 


9.899 


65.6 


3936 


.95 


4.949 


46.3 


2778 


1.95 


10 . 159 


66.7 


3987 


1.0 


5.210 


47.5 


2850 


2.0 


10 . 420 


67.3 


4038 



194 



INFORMATION, RULES AND TABLES 

TABLE VII. 



AMOUNT OF VACUUM SECURED AT DIFFERENT TEMPERATURES. 


Vacuum Gauge 
Inchee of Vacuum . 


Temperature of 

Steam or Boiling 

Point of Water 


Vacuum Gauge 
Incbea of Vacuum 


Temperature of 
Steam or Boiling 
Point of Water. 


Atmosphere 

1 " 


212 Deg. Fah. 
210 " " 


16 Inches 

17 " 


175 Deg. Fah. 
172 " " 


2 


208 " " 


18 " 


169 " " 


3 " 


207 " " 


19 " 


165 " " 


4 


205 " " 


20 " 


161 " " 


5 


203 " " 


21 " 


157 " " 


6 


201 " " 


22 " 


152 " " 


7 


199 " " 


23 " 


146 " " 


8 


196 " " 


24 " 


140 " " 


9 


194 " " 


25 " 


133 " " 


10 


191 " " 


26 " 


125 " " 


11 


188 " " 


27 " 


114 " " 


12 


186 " " 


28 " 


102 " " 


13 


184 " " 


29 " 


100 " " 


14 


181 " " 


29.7 " 


98 " " 


15 


178 " " 







TABLE VIII. 



VELOCITY OF FLOW OF WATEB 



In Feet per Minute. Through Pipes of Various Sizes, for Varying 

Quantities of Flow. 



Gals, per 
Minute 


Inch 


i 

Inch 


Inch 


incn 


2 
Inch 


Inch 


3 
Inch 


5 


218 


122% 


78% 


54% 


30% 


19% 


13% 


10 


436 


245 


157 


109 


61 


38 


27 


15 


653 


367% 


235% 


163% 


91% 


58% 


40% 


20 


872 


490 


314 


218 


122 


78 


54 


25 


1090 


612% 


392% 


272% 


152% 


97% 


67% 


30 




735 


451 


327 


183 


117 


81 


35 




857% 


549% 


381% 


213% 


136% 


94% 


40 




980 


628 


436 


244 


156 


108 


45 




1102% 


706% 


490% 


274% 


175% 


121% 


50 






785 


545 


305 


195 


135 


75 






1177% 


817% 


457% 


292% 


202 % 


100 








1090 


610 


380 


270 


125 










762% 


487% 


337% 


150 










915 


585 


405 


175 










1067% 


682% 


472% 


200 






• 




1220 


780 


540 



4 
Inch 



7% 
15% 
23 

30% 
38% 
46 
53% 

61% 

69 

76% 
115 
153% 
191% 
230 
268% 
306% 
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TABLE IX. 

B. T. U. REQUIRED FOR HEATING AIR. 

This table specifies the quantity of heat in British thermal units 
required to raise one cubic foot of air through any given tempera- 
ture interval. 



Exter- 
nal 
Temp . 40° 



Temperature of Air in Room 



-40° 

-30° 

-20° 

-10° 

0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 



80° 



2.027 
1.760 
1.505 
1.262 
1.028 
0.805 



1.802 

1.540 

1.290 

1.051 

0.822 

0.604 

. 39310 . 590 

0.1920.385 



80' 



0.000 
0.000 
0.000 
0.000 



0.188 
0.000 
0.000 
0.000 



2. 

1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 







252 
980 
720 
473 
234 



70' 



2.479 
2.200 
1.935 
1.684 
1.439 



007 1 . 208 



80" 



787 
578 
376 
184 
000 
000 



0.984 
0.770 
0.564 
0.367 
0.179 
0.000 



2 
2 
2 
1 
1 
1 
1 








90' 



.703 
.420 
.150 
.892 
.645 
.409 
.181 
.963 
.752 
.551 
.359 
.175 



2. 
2. 
2. 
2. 
1. 
1. 
1. 
1. 
0. 
0. 
0. 
0. 



928 
640 
365 
102 
851 
611 
378 
155 
940 
735 
538 



100° 



110' 



3.154 
2.860 
2.580 
2.311 
2.056 
1.812 
1.575 
1.345 
1.128 
0.918 
0.718 



120' 



3.379 3 
3.080 3 



2.795 
2.522 
2.262 
2.013 
1.771 
1.540 
1.316 
1.102 
0.897 



3 
2 
2 
2 
1 
1 



130' 



3.829 
3.520 
3.225 
2.943 
2.673 



350 . 525 



.604 

.300 

.010 

.732 

.467 

.21512.416 

. 968,2 . 165 

.7331.925 



1.504 
1.286 
1.077 
0.7000.875 



1.692 
1.470 
1.256 
1.049 



TABLE X. 

VENTILATION. 

Table Showing the Quantity of Air, in Cubic Feet, Discharged 
per Minute Through a Flue of Which the Cross- . 
Sectional Area is One Square Foot. 

(External Temperature of the Air. 32 s Fahr.; Allowance for Friction. 50 Per Cent. ) 



Height 
of Flue 


Excess of Temperature of Air in Flue above that of External Air 


In Feet 


10° 


15° 


20* 


25° 


30" 


60° 


100° 


150» 


1 


34 


42 


48 


54 


59 


76 


108 


133 


5 


76 


94 


109 


121 


134 


167 


242 


29S 


10 


108 


133 


153 


171 


188 


242 


342 


419 


15 


133 


162 


188 


210 


230 


297 


419 


514 


20 


153 


188 


217 


242 


265 


342 


484 


593 


25 


171 


210 


242 


271 


297 


383 


541 


663 


30 


188 


230 


265 


297 


325 


419 


593 


726 


35 


203 


248 


286 


320 


351 


453 


640 


784 


40 


217 


265 


306 


342 


375 


484 


684 


838 


45 


230 


282 


325 


363 


398 


514 


724 


889 


50 


242 


297 


342 


383 


419 


541 


765 


937 


60 


264 


325 


373 


420 


461 


594 


835 


1006 


70 


286 


351 


405 


465 


497 


643 


900 


1115 


80 


306 


375 


453 


485 


530 


688 


965 


1185 


90 


324 


398 


460 


516 


564 


727 


1027 


1225 


100 


342 


420 


485 


534 


594 


768 


1080 


1325 


125 


383 


468 


542 


604 


662 


855 


1210 


1480 


150 


420 


515 


596 


665 


730 


942 


1330 


1630 



Above 
guaranteed. 



table for Gravity Ventilation taken from standard authorities but not 
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TABLE XL 

HEAT UNITS IN WATER. 

Between 32 and 212 Degrees Fahrenheit, and Weight of Water 

per Cubic Foot. 







Weight 






Weight 






Weight 


Tem- 




In 


Tem- 




in 


Tem- 




in 


perature 
Degrees 


Heat 
Units 


Pounds 

C^abic 
Foot 


perature 
Degrees 


Heat 
Units 


Pounds 

Cubic 
Foot 


perature 
Degrees 


Heat 
Units 


Pounds 

per 

Cubic 

Foot 


32 


0. 


62.42 


123 


91.16 


61.68 


168 


136.44 


60.81 


35 


3. 


62.42 


124 


92.17 


61.67 


169 


137.45 


60.79 


40 


8. 


62.42 


125 


93.17 


61.65 


170 


138.45 


60.77 


45 


13. 


62.42 


126 


94.17 


61.63 


171 


(139.46 


60.75 


53 


18. 


62.41 


127 


95.18 


61.61 


172 


[140.47 


60.73 


52 


20. 


62.40 


128 


96.18 


61.60 


173 


141 . 48 


60.70 


54 


22.01 


62.40 


129 


97.19 


61.58 


174 


142.49 


60.68 


56 


24.01 


62.39 


130 


98.19 


61.56 


175 


143 . 50 


60.66 


58 


26.01 


62.38 


131 


99.20 


61.54 


176 


144.51 


60.64 


60 


28.01 


62.37 


132 


100.20 


61.52 


177 


145.52 


60.62 


62 


30.01 


62.36 


133 


101.21 


61.51 


178 


146.52 


60.59 


64 


32.01 


62.35 


134 


102 . 21 


61.49 


179 


147.53 


60.57 


66 


34.02 


62.34 


135 


103.22 


61.47 


180 


148.54 


60.55 


68 


36.02 


62.33 


136 


104.22 


61.45 


181 


149.55 


60.53 


70 


38.02 


62.31 


137 


105.23 


61.43 


182 


150.56 


60.50 


72 


40.02 


62.30 


138 


106.23 


61.41 


183 


151.57 


60.48 


74 


42.03 


62.28 


139 


107.24 


61.39 


184 


152 . 58 


60.46 


76 


44.03 


62.27 


140 


108.25 


[61.37 


[7185 


153.59 


60.44 


78 


46.03 


62.25 


141 


109.25 


61.36 


186 


154.60 


60.41 


80 


48.04 


62.23 


142 


110.26 


61.34 


187 


155.61 


60.39 


82 


50.04 


62.21 


143 


111.26 


61.32 


188 


156.62 


60.37 


84 


52.04 


62.19 


144 


112.27 


61.30 


189 


157.63 


60.34 


86 


54.05 


62.17 


145 


113.28 


61.28 


190 


158.64 


60.32 


88 


56.05 


62.15 


146 


114.28 


61.26 


191 


159.65 


60.29 


90 


58.06 


62.13 


147 


115.29 


61.24 


192 


160.67 


60.27 


92 


60.06 


62.11 


148 


116.29 


61.22 


193 


161.68 


60.25 


94 


62.06 


62.09 


149 


117.30 


61.20 


194 


162 . 69 


60.22 


96 


64.07 


62.07 


150 


118.31 


61.18 


195 


163.70 


60.20 


98 


66.07 


62.05 


151 


119.31 


61.16 


196 


164.71 


60.17 


100 


68.08 


62.02 


152 


120.32 


61.14 


197 


165 . 72 


60.15 


102 


70.09 


62.00 


153 


121.33 


61.12 


198 


166.73 


60.12 


104 


72.09 


61.97 


154 


122.33 


61.10 


199 


167 . 74 


60.10 


106 


74.10 


61.95 


155 


123.34 


61.08 


200 


168.75 


60.07 


108 


76.10 


61.92 


156 


124.35 


61.06 


201 


169.77 


► 60.05 


110 


78.11 


61.89 


157 


125.35 


61.04 


202 


170.78 


60. (;2 


112 


80.12 


61.86 


158 


126.36 


61.02 


203 


171.79 


60.00 


114 


82.13 


61.83 


159 


127.37 


61.00 


204 


172.80 


59.97 


115 


83.13 


61.82 


160 


128.37 


60.98 


205 


173.81 


59 . 95 


116 


84.13 


61.80 


161 


129.38 


60.96 


206 


174 . 83 


59.92 


117 


85.14 


61.78 


162 


130.39 


60.94 


207 


175.84 


59.89 


118 


86.14 


61.77 


163 


131.40 


60.92 


208 


176. 85 


59.87 


119 


87.15 


61.75 


164 


132.41 


60.90 


209 


177.86 


59.84 


120 


88.15 


61.74 


165 


133.41 


60.87 


210 


178.87 


59.82 


121 


89.15 


61.72 


166 


134 . 42 


60.85 


211 


179.891 


59.79 


122 


90.16 


61.70 


167 


IS* W 


60.83 


212 


180.90! 


59.76 
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TABLE XII. 



PROPERTIES OF SATURATED STEAM. 



• 


Absolute 
Pressure. 
Lbs. per 
Sq. Inch 


Tempera- 
ture, 
Fahrenheit 


Total Heat above 32° F. 


Latent 

Heat. 

Heat-Units 


Volume, 


Vacuum, 
Inches of 
Mercury 


In the 

Water 

Heat-Units 


In the 

Steam 

Heat-Units 


Cu. Ft. 
In 1 Lb. 
Of Steam 


27.88 


1 . 


101.83 


69.8 


1104.4 


1034.6 


333.0 


25.85 


2 


126.15 


94.0 


1115.0 


1021.0 


173.5 


23.81 


3 


141.52 


109.4 


1121.6 


1012.3 


118.5 


21.78 


4 


153.01 


120.9 


1126.5 


1005.7 


90.5 


19.74 


5 


162.28 


130.1 


1130.5 


1000.3 


73.33 


17.70 


6 


170.06 


137.9 


1133.7 


995.8 


61.89 


15.67 


7 


176.85 


144.7 


1136.5 


991.8 


53.56 


13.63 


8 


182.86 


150.8 


1139.0 


988.2 


47.27 


11.60 


9 


188.27 


156.2 


1141.1 


985 


42.36 


9.56 


10 


193.22 


161.1 


1143.1 


982.0 


38.38 


7.52 


11 


197.75 


165.7 


1144.9 


979.2 


35.10 


5.49 


12 


201.96 


169.9 


1146.5 


976.6 


32.36 


3.45 


13 


205.87 


173.8 


1148.0 


974.2 


30.03 


1.42 


14 


209.55 


177.5 


1149.4 


971.9 


28.02 


Pounds ; 
Steam 
Gauge. 


14.70 


212 


180.0 


1150.4 


• 

970.4 


26.79 


0.3 


15 


213.0 


181.0 


1150.7 


969.7 


26.27 


1.3 


16 


216.3 


184.4 


1152.0 


967.6 


24.79 


2.3 


17 


219.4 


187.5 


1153.1 


965.6 


23.38 


3.3 


18 


222.4 


190.5 


1154.2 


963.7 


22.16 


4.3 


19 


225.2 


193.4 


1155.2 


961.8 


21.07 


5.3 


20 


228.0 


196.1 


1156.2 


960.0 


20.08 


6.3 


21 


230.6 


198.8 


1157.1 


958.3 


19.18 


7.3 


22 


233.1 


201.3 


1158.0 


956.7 


18.37 


8.3 


23 


235.5 


203.8 


1158.8 


955.1 


17.62 


9.3 


24 


237.8 


206.1 


1159.6 


953.5 


16.93 


10.3 


25 


240.1 


208.4 


1160.4 


952.0 


16.30 


11.3 


26 


242.2 


210.6 


1161.2 


950.6 


15.72 


12.3 


27 


244.4 


212.7 


1161.9 


949.2 


15.18 


13.3 


28 


246.4 


214.8 


1162.6 


947.8 


14.67 


14.3 


29 


248.4 


216.8 


1163.2 


946.4 


14.19 


15.3 


30 


250.3 


218.8 


1163.9 


945.1 


13.74 


16.3 


31 


252.2 


220.7 


1164.5 


943.8 


13.32 


17.3 


32 


254.1 


222.6 


1165.1 


942.5 


12.93 


18.3 


33 


255.8 


224.4 


1165.7 


941.3 


12.57 


19.3 


34 


257.6 


226.2 


1166.3 


940.1 


12.22 


20.3 


35 


259.3 


227.9 


1166.8 


938.9 


11.89 
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INFORMATION, RULES AND TABLES 



TABLE XV. 

HEATING SURFACE IN WROUGHT PIPE. 



Length of 
Pipe in 


8lie of Pipe. 


Feet. 
























.275 
.5 


l 
.346 

.7 


.434 


IK 

.494 


2 

.622 
1.2 


2H 

.753 
1.5 


3 


4 


6 


« 


1 


.916 


1.175 


1.455 


1.739 


2 


.9 


1.0 


1.8 


2.4 


2.9 


3.5 


3 


.8 


1.0 


1.3 


1.5 


1.9 


2.3 


2.7 


3.5 


4.4 


5.2 


4 


1.1 


1.4 


1.7 


2.0 


2.5 


3.0 


3.6 


4.7 


5.8 


7.0 


5 


1.4 


1.7 


2.2 


2.4 


3.1 


3.8 


4.6 


5.8 


7.3 


7.7 


6 


1.6 


2.1 


2.6 


2.9 


3.7 


4.5 


5.5 


7.0 


8.7 


10.5 


7 


1.9 


2.4 


3.0 


3.4 


4.4 


5.3 


6.4 


8.2 


10.2 


12.1 


8 


2.2 


2.8 


3.5 


3.9 


5.0 


6.0 


7.3 


9.4 


11.6 


13.9 


9 


2.5 


3.1 


3.9 


4.4 


5.6 


6.8 


8.2 


10.6 


13.1 


15.7 


10 


2.7 


3.5 


4.3 


4.9 


6.2 


7.5 


9.1 


11.8 


14.6 


17.4 


11 


3.0 


3.8 


4.8 


5.4 


6.8 


8.3 


10.0 


12.9 


16.0 


19.1 


12 


3.3 


4.1 


5.2 


5.9 


7.5 


9.0 


11.0 


14 1 


17.4 


20.9 


13 


3.6 


4.5 


5.6 


6.4 


8.1 


9.8 


11.9 


15.3 


18.9 


22.6 


14 


3.8 


4.8 


6.1 


6.9 


8.7 


10.5 


12.8 


16.5 


20.3 


23.4 


15 


4.1 


5.2 


6.5 


7.4 


9.3 


11.3 


13.7 


17.6 


21.8 


26.1 


16 


4.4 


5.5 


6.9 


7.9 


10.0 


12.0 


14.6 


18.8 


23.2 


27.8 


17 


4.7 


5.9 


7.4 


8.4 


10.6 


12.8 


15.5 


20.0 


24.7 


29.5 


18 


5.0 


6.2 


7.8 


8.9 


11.2 


13.5 


16.5 


21.2 


26.2 


31.3 


19 


5.2 


6.6 


8.3 


9.4 


11.8 


14.3 


17.4 


22.3 


27.6 


33.1 


20 


5.5 


6.9 


8.7 


9.9 


12.5 


15.0 


18.3 


23.5 


29.1 


34.8 


25 


6.9 


8.6 


10.9 


12.3 


15.6 


18.8 


22.9 


29.3 


36.3 


43.5 


30 


8.3 


10.4 


13.0 


14.8 


18.7 


22.5 


27.5 


35.3 


43.6 


52.1 


35 


9.6 


12.1 


15.2 


17.3 


21.8 


26.3 


32.0 


41.1 


50.9 


60.8 


40 


11.0 


13.8 


17.4 


19.8 


24.9 


30.1 


36.6 


47.0 


58.2 


69.5 


45 


12.4 


15.6 


19.5 


22.2 


28.0 


33.8 


41.2 


52.9 


65.5 


78.2 


50 


13.8 


17.3 


21.7 


24.7 


31.1 


37.6 


45.8 


58.7 


72.7 


87.0 


55 


15.2 


19.0 


23.9 


27.1 


34.3 


41.3 


50.4 


64.6 


80.1 


95.6 


60 


16.6 


20.8 


26.0 


29.6 


37.3 


45.2 


55.0 


70.5 


87.3 


104.3 


65 


18.0 


22.6 


28.2 


32.1 


40.5 


48.8 


59.5 


76.4 


94.5 


112.9 


70 


19.4 


24.2 


30.4 


34.6 


43.5 


52.7 


64.1 


82.3 


101.9 


121.7 


75 


20.7 


26.0 


32.6 


37.1 


46.6 


56.5 


68.7 


88.1 


109.1 


130.4 


80 


22.0 


27.7 


34.7 


39.6 


49.8 


60.2 


73.3 


94.0 


116.4 


139.1 


85 


23.4 


29.4 


36.9 


42.0 


53.4 


63.9 


77.8 


99.9 


123.7 


147.9 


90 


24.8 


31.1 


39.1 


44.5 


56.0 


67.8 


82.4 


105.8 


130.9 


156.5 


95 


26.2 


32.9 


41.2 


46.9 


59.6 


71.5 


87.2 


111.6 


138.2 


165.2 


100 


27.5 


34.6 


43.4 


49.4 


62.2 


75.3 


91.6 


117.5 


145.5 


173.9 
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8TEAM, HOT WATER, VACUUM AND VAPOR HEATING 



TABLE XVI. 



INTERNAL 


ABBA8 OF DIFFEBENT 8IZB9 AMD WEIGHTS 


OF PIPE. 




Internal Atom of Corresponding 


Diameter 
in 


A Circle 


Standard 

Weight 

Wrought 

Pipe 


Extra 

Strong 

Wrought 

Pipe 


Doable 

Kxtra Strong 

Wrought 

Pipe 


1^ 


1.76 


2.04 


1.75 


.93 


2 


3.14 


3.36 


2.93 


1.74 


2M 


4.91 


4.78 


4.20 


2.41 


3 


7.06 


7.39 


6.56 


4.09 


3Ji 


9.62 


9.89 


8.85 


5.79 


4 


12.56 


12.73. 


11.44 


7.72 


4H 


15.90 


15.96 


14.38 


9.96 


5 


19.63 


19.99 


18.19 


12.96 


6 


28.27 


28.89 


25.97 


18.66 


7 


38.48 


38.74 


34.47 


27.10 


8 


50.26 


50.04 


45.66 


37.12 


9 


63.61 


62.73 


58.42 




10 


78.54 


78.84 


74.66 





TABLE XVII. 



CAPACITIES AND THBEADS OF STANDARD WROUGHT-IRON PIPE. 



W 

3S-8 

acta 

I5 M 

o 
'A 



H 



i 

Vs 

H 

H 
l 

m 

2 

2M 
3 

3H 
4 




y% 
y* 

H 

H 

H 
l 

l 



SI 



336.6 
148.8 
100.8 
63.2 
36.1 
22.3 
12.8 
9.4 
5.7 
4.02 
2.6 
1.95 
1.51 



3&i 

IE 

pi 



.024 

.044 

.082 

.132 

.23 

.373 

.648 

.883 

1.454 

2.072 

3.202 

4.285 

5.517 




5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 




h 




1.2 
.96 
.66 
.49 
.38 
.3 
.24 
.2 
.17 
.139 
.12 
.102 
.091 



hi 

ill 

J* 3 



6.908 
8.668 
12.521 
16.79 
21.688 
27.58 
34.171 
41 . 189 
49.017 
59.762 
69.125 
81.07 
91.559 
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INFORMATION, RULES AND TABLES 



TABLE XVIII. 

GALVANIZED SHEET IRON — SIZES AND WEIGHTS. 



1 


1 


Ounces 


Weight 






Ounces 


Weight 
of Sheet 


Gauge 


8ize 


per 


of Sheet 


Gauge 


Size 


per 






Sq. Ft. 1 


inPounds 






Sq. Ft. 1 


InPounds 


14 


24x84 


52% 


46 


23 


36x84 


20% 


27 


14 


26x84 


52% 


49% 


23 


40x84 


20% 


20 


14 


28x84 


52% 


53% 


23 


24x96 


20% 


20% 


14 


30x84 


52% 


57% 


23 


26x96 


20% 


22% 


16 


24x84 


42% 


37 


23 


28x96 


20% 


24 


16 


26x84 


42% 


40 % 


23 


30x96 


20% 


25% 


16 


28x84 


42% 


43% 


23 


32x96 


20% 


27% 


16 


30x84 


42% 


46% 


23 


36x96 


20% 


31 


16 


24x96 


42% 


42% 


23 


40x96 


20% 


34% 


16 


26x96 


42% 


46 


23 


44x96 


20% 


37% 


16 


28x96 


42% 


49% 


24 


24x84 


•18% 


16% 


16 


30x96 


42% 


53 


24 


26x84 


18% 


17 


18 


24x84 


34% 


30% 


24 


28x84 


18% 


19 


18 


26x84 


34% 


32 


24 


30x84 


18% 


20% 


18 


28x84 


34% 


35% 


24 


32x84 


18% 


22 


18 


30x84 


34% 


37% 


24 


36x84 


18% 


24 


18 


36x84 


34% 


46% 


24 


40x84 


18% 


27 


18 


24x96 


34% 


34% 


24 


24x96 


18% 


18% 


18 


26x96 


34% 


36% 


24 


26x96 


18% 


20 


18 


28x96 


34% 


40% 


24 


28x96 


18% 


21% 


18 


30x96 


34% 


42% 


24 


30x96 


18% 


23 


18 


36x96 


34% 


51% 


24 


32x96 


18% 


24% 


19 


28x84 


30% 


31 


24 


36x96 


18% 


27% 


20 


24x84 


26 % 


23 


24 


40x96 


18% 


31 


20 


26x84 


26% 


25 


24 


44x96 


18% 


34 


20 


28x84 . 


26% 


27 


26 


24x84 


14% 


12% 


20 


30x84 


26% 


29 


26 


26x84 


14% 


13% 


20 


36x84 


26% 


34% 


26 


28x84 


14% 


14% 


20 


24x96 


26 % 


26% 


26 


30x84 


14% 


16 


20 


26x96 


26% 


28% 


26 


32x84 


14% 


17 

• 


20 


28x96 


26% 


31 


26 


36x84 


14% 


10 


20 


30x96 


26% 


33 


26 


24x96 


14% 


14 M 


20 


36x96 


26% 


42 


26 


26x96 


14% 


15 % 


22 


24x84 


22% 


19% 


26 


28x96 


14% 


17 


22 


26x84 


22% 


21% 


26 


30x96 


14% 


18K 


22 


28x84 


22% 


23 


26 


32x96 


14% 


1»H 


22 


30x84 


22% 


24% 


26 


36x96 


14% 


21% 


22 


36x84 


22% 


29% 


28 


24x84 


12% 


11 


22 


40x84 


22% 


33 


28 


26x84 


12% 


U*A 


22 


24x96 


22Y 2 


22 


28 


28x84 


12% 


12% 


22 


26x96 


22}4 


24% 


28 


30x84 


12% 


n% 


22 


28x96 


22% 


26% 


28 


32x84 


12% 


14 X 


22 


30x96 


22% 


28 


28 


36x84 


12% 


16% 


22 


36x96 


22% 


33% 


28 


24x96 


12% 


12% 


22 


40x96 


22% 


37% 


28 


26x96 


12% 


13^ 


23 


24x84 


20% 


18 


28 


28x96 


12% 


14J^ 


23 


26x84 


20% 


19% 


28 


30x96 


12% 


15 H 


23 


28x84 


20% 


21 


28 


32x96 


12% 


16^ 


23 


30x84 


20% 


22% 


28 


36x96 


12% 


18H 


23 


32x84 


20% 


24 
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STEAM, HOT WATEK, VACUUM AND VAPOR HEATING 



TABLE XIX. 



GALVANIZED SHEET IRON PIPE. 



Table of weights of Galvanized Iron Pipe, in pounds per lineal foot. 



Diameter 

rrf ¥HnA 






Number of Gauge. 






in Inches. 


















28 


26 


24 


22 


20 


18 


16 


6 


1.4 


1.75 


2.0 


2.25 


3.0 


3.75 


4.75 


7 


1.7 


2.0 


2.25 


2.75 


3.5 


4.5 


5.5 


8 


1.9 


2.25 


2.75 


3.0 


4.0 


5.25 


6.75 


9 


2.2 


2.4 


3.0 


3.25 


4.5 


5.75 


7.0 


10 


2.4 


2.5 


3.25 


3.5 


4.75 


• 6.25 


7.75 


11 




2.75 


3.5 


3.75 


5.25 


6.75 


8.25 


12 




3.0 


3.75 


4.25 


5.75 


7.5 


9.0 


13 




3 •'. 25 


4.0 


4.5 


6.25 


8.0 


10.0 


14 




3.5 


4.25 


4.75 


6.75 


8.5 


11.0 


15 




3.75 


4.75 


5.25 


7.25 


9.25 


12.0 


16 




4.0 


5.0 


5.5 


7.75 


9.75 


13.0 


17 




4.25 


5.25 


6.0 


8.0 


10.25 


13.75 


18 




4.5 


5.5 


6.25 


8.5 


10.75 


14.25 


19 




4.75 


5.75 


6.75 


9.0 


11.5 


15.0 


20 




5.25 


6.0 


7.0 


9.5 


12.0 


15.5 


•21 




5.5 


6.5 


7.5 


9.75 


12.5 


16.0 


22 




5.75 


6.75 


7.75 


10.25 


13.25 


16.75 


23 


* 


6.0 


7.0 


8.25 


11.0 


14.0 


17.5 


24 




6.5 


7.5 


8.75 


11.5 


14.75 


18.5 


26 






7.75 


9.25 


12.5 


15.75 


20.0 


28 






8.5 


9.75 


13.5 


16.75 


21.5 


30 






9.0 


10.5 


14.0 


18.0 


23.0 
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INFORMATION, RULES AND TABLES 



DIMENSIONS OF REGISTERS (t. * B.) 






Nominal 



Tin Box Site 



6ft X 10ft 
8% x 10% 
m x 12% 
8% X 15% 

m x 



6 x 10 
8 x 10 
8 x 12 

8 x 15 

9 X 12 
9 X 14 

10 x 12 
10 x 14 
10 x 16 
12 X 15 
12 x 19 

14 X 22 

15 x 25 

16 x 20 
16 x 24 
20 X 20 
20 X 24 

20 x 26 

21 x 29 
27 x 27 
27 X 38 
30 x 30 



120 
108 
126 
120 
140 
160 
180 



384 
400 
480 
520 
609 
729 
1026 
'900 



40 
53 



107 
120 
152 
205 
250 
213 
256 
267 
320 
347 
403 
486 
684 
600 



9 

10 , 
10 1 



I x 
1 x 



10Hx 
125< x 
12H x 

14% x 

15% X 
16K X 
16% x 
20K x 
20j( x _ 
20| | X 26) i 
2111 x 29H 
SjW x27Ji 
g7)i X 38)i 
30U x 30| i 



m x nil 

9% X UJi 
9% X 13K 
WA x 16JJ 
10% x 13% 
10% X 15% 
HH X 13H 
11H X 15j( 
11H x 17% 
14ft X 17 
14ft x 21 
16J< x 24K 
17K X 27M 
18ft X 22ft 
18ft x 26ft 
22% X 22% 
22% X 26% 
22% x 28% 
23% x 31% 
29% X 29% 

29% X mi 

32% x 32% 



STEAM, HOT WATER, VACUUM AND VAPOR HEATING 



TABLE XXI. 

SQUARE FEET OF EXPOSED GLASS SURFACE IN WINDOWS OF 

VARIOUS SIZES. 



Width of 


HEIGHT OF WINDOW IN FEET 


Window 




Feet. 




























2 
3 


2H 

4 


3 


3H 

5J^ 


4 

6 


4H 

7 


s 
7H 




6 

9 


10 


7 

ioh 


7H 


8 


m 


12 


2 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


2^ 


5 


6H 


7H 


9 


10 


HH 


12M 


14 


15 


16H 


17H 


19 


20 


3 


6 


7H 


9 


ioh 


12 


13H 


15 


16^ 


18 


19M 


21 


22M 


24 


*M 


7 


9 


ioh 


12^ 


14 


16 


17^ 


19H 


21 


23 


24^ 


26H 


28 


4 


8 


10 


12 


14 


16 


18 


20 


22 


24 


26 


28 


30 


32 


4^ 


9 


HH 


13H 


16 


18 


20^ 


22^ 


25 


27 


29M 


31H 


34 


36 


5 


10 


12^ 


15 


17H 


20 


22^ 


25 


27H 


30 


32H 


35 


37^ 


40 


5H 


11 


14 


16H 


im 


22 


25 


27H 


30M 


33 


36 


38M 


41 y 2 


44 


6 


12 


15 


18 


21 


24 


27 


30 


33 


36 


39 


42 


45 


48 


6^ 


13 


16^ 


19H 


23 


26 


29H 


32K 


36 


39 


42M 


45H 


49 


52 


7 


14 


17H 


21 


24K 


28 


31H 


35 


38^ 


42 


45^ 


49 


52^ 


56 


m 


15 


19 


22^ 


26»4 


30 


34 


37^ 


41^ 


45 


49 


52^ 


56^ 


60 


8 


16 


20 


24 


28 


32 


36 


40 


44 


48 


52 


56 


60 


64 



206 



INDEX 



Page 

Accelerated Heating,By Centrif- 
ugal Pumps 108 

Accelerated Heating, Sizes of 

Radiator Tappings 104 

Accelerated Hot Water Heating 96 
Accelerated Hot Water Heating, 

Methods Employed 96 

Accelerated Systems, Details of 

Construction 104, 105, 106 

Adsco System, The 177 

Air, Characteristics of 186 

Air, Composition of 186 

Air Ducts and Registers, Table 

of Sizes 38 

Air Ducts for Indirect Heating . 38 

Air, Moisture In 186 

Air, Movement of, Table 196 

Air, Quantity Diccharged per 

Minute, Table 196 

Air, Supply for Indirect Radia- 
tor 37, 38 

Air Valves 120 

Air Valves, Automatic. 128, 129, 130 

Air Valves, Compression 131 

Air Valves, Purpose of 127 

Altitude Gauge, Description of, 

88, 89 
Altitude Gauge, Location on an 

Accelerated System 106 

Angle Valve 121, 123 

Areas of Circles, Table 193 

Atmospheric and Modulated Sys- 
tems 177 

Atmospheric Pressure 134 

Atmospheric System 177 

Atmospheric System, Sizes of 

Main and Return 178 

Automatic Air Valves, Types 

of 128, 129 

Automatic Relief Valve, Gorton 

System 156 

Auxiliary Heaters 116 



B 

Page 

Baffler, Kriebel System 173 

Belknap Generator 102 

Bishop-Babcook-Becker System 

of Vacuum Heating 156, 157 

Bleeder, From Main 53 

Blowing Off Boiler 189 

Boiler Construction 23 

Boiler, Method of Blowing Off. 189 
Boiler, Radiator and Pipe Con- 
nections for Hot Water Heat- 
ing 88 

Boiler, Radiator and Pipe Con- 
nections for Steam Heating. . 52 
Boilers, Cast Iron, How Rated. 24 

Boiler Setting 30 

Boilers for Heating 23 

Boilers, Grate Surface 23 

Boilers, Heating Surface 23 

Boilers, Horse Power of 24 

Boilers, Pressure Commonly Al- 
lowed 25 

Boilers, Types of 23 

Boiler Trimmings and Setting. 25 
Boiling Points of Liquids, Table. 192 

Box Coil 31 

Branch or .Riser Connection ... 52 

British Thermal Unit 12 

Bronzing and Painting 191 

Broomell System of Vapor Heat- 
ing 160, 161 

B. T. U. Required for Heating 
Air, Table 196 



Capacities of Standard Wrought 

Iron Pipes, Table 200 

Care of a Heating Apparatus . . 190 
Centrifugal Pumps for Accel- 
erated Heating 108 

Check Valve 121, 123 

Chimney, Area Required 17 



207 



INDEX 



Page 

Chimney Flue, Factors of 17 

Chimney Flues, Dimensions of. 18 

Chimney Flues, Table 194 

Chimney, Method of Increasing 

Draft 17 

Chimneys and Fuels 15 

Chimneys, Characteristics of . . . 190 

Chimneys, Design of 15 

Circuit System, Details of Con- 
struction 81, 82, 83 

Circuit System of Hot Water 

Heating 81 

Circuit System of Steam Heat- 
ing 46, 47 

Circuit System, Size of Mains. . 83 
Circuit System, Special Fittings 

Employed 81, 82, 83 

Circulation Through Radiator, 

Kriebel System 174 

Coal, Characteristics of 188 

Coal, Composition of 21 

Coal, Size of 19 

Coil, A Box 31 

Coil, A Corner 32 

Coil, A Mitre 32, 33 

Coil, Return-bend 32, 34 

Combustion 18 

Combustion of Fuel, How Cal- 
culated 19 

Comparative Cost of Heating. . 13 

Composition of Coal 21 

Construction of Boilers 23 

Controller, Kriebel System .... 174 

Cooling Surfaces Defined 38 

Corner Coil 32 

Cost of Heating Systems 13 



D 



Damper Regulator 27 

Damper Regulator, Old Style. . 28 
Dimensions of Registers, Table . 205 
Dimensions Standard Wrought 

Iron Pipe, Table 200 

Direct-Indirect Heating, Radia- 
tion Required 40 

Direct-Indirect Radiator, Loca- 
tion of 35, 36 

Direct Radiator 33 



Page 

Direct Radiator, Location of . . 34 
Divided-circuit System of Steam 

Heating 46, 48 

Domestic Hot Water Heating. . 116 
Domestic Hot Water Supply, 

Horizontal Boiler 118 

Domestic Hot Water Supply, 

Steam Coil in Boiler 119 

Domestic Hot Water Supply, 

Vertical Boiler 117 

Double Swing Joint 59 

Draft Doors, Method of Con- 
necting Chains 28, 29 

Draw-off Cock 28 

Dripping a Riser, Method of . . . 58 
Drip Pipes from Steam Mains, 

Table of Sizes 54 

Drips for Risers 54 

Drop-Riser, Definition of 52 

Dunham Air Trap 157 

Dunham System, Connections 

to Boiler and Tank 158 

Dunham System of Vacuum 

Heating 155, 156 



E 



Eccentric Fittings 55 

Eccentric Reducing Tee 55 

Eddy System of Vacuum Heat- 
ing .157, 159 

Ejector and Condenser, Moline 

System 171 

Equalizing Pipe 69, 70 

Eureka Fitting 82 

Exhaust Steam, Value of 44 

Expansion Hangers 64 

Expansion of Wrought Pipe 54 

Expansion Tank Connection, 

Circulation in Tank Ill 

Expansion Tank Connection, 

Circulation to Tank 110 

Expansion Tank Connection, 
Horizontal for Overhead Sys- 
tem 114 

Expansion Tank Connections 

for Hot Water Heating 109 

Expansion Tank Connection, 
Vertical for Overhead System. 113 



208 



INDEX 



Page 

Expansion Tanks, Rules for 
Determining Sizes 112, 113 

Expansion Tanks, Table of Sizes 
and Capacities 80 

P 

Fahrenheit Scale 12 

False Water Line, How Created, 

61, 66 

Fittings, Tapped Eccentric 55 

Forty-five Degree Connection, 

55, 56, 58 

Fuel 187, 188 

Fuel, Characteristics of 188 

Fuel, Combustion of 19 

Fuel, Economical Firing 21 

Fuel, Expense of 13 

Fuel, Kinds of 187, 188 

Fuel, Rate of Combustion 19 

Fuel Required for Heating 22 

Fuels and Chimneys 15 



Galvanized Iron Pipe, Weights 

per Lineal Foot, Table 204 

Galvanized Sheet Iron, Sizes 

and Weights, Table 203 

Gate Valve 121, 122, 124 

Gate Valve with Yoke 124 

Glass Surface in Windows, Table 206 

Globe Valve 120 

Globe Valve, Improper Use of. . 121 
Gorton System of Vacuum Heat- 
ing 152, 153, 154 

Grate Surface, How Determined 23 

Greenhouse Heating 180 

Greenhouse Heating, Method 

of Piping 183, 184 

Greenhouse Piping System 184 



Heat, Equalizing of 12 

Heat, How Measured 11 

Heat, How Transferred 11 

Heating Apparatus, Proper Care 

of 190 



Page 

Heating, Domestic Hot Water 

Supply 116 

Heating Feed Water 44 

Heating Greenhouses 180 

Heating Surface in Tubular 

Boilers 190 

Heating Surface in Wrought 

Pipe, Table 201 

Heating Systems, Average Life . 13 
Heating Systems, What is Con- 
sidered Best 13 

Heating, Vacuum, Vapor and 

Vaouo-Vapor 133 

Heat, Mechanical Equivalent of. 12 

Heat, Unit of 11 

Heat Units in Water, Table 197 

Heat, What It Is 11 

Honeywell Generator. . .97, 98, 99 
Honeywell Generator, Method 

of Connecting 98 

Horse Power 24, 188 

Hot Water Circulation, Princi- 
ples of 73 

Hot Water Heating 72 

Hot Water Heating, Accelerated 

Methods 96 

Hot Water Heating, Advantages 

Claimed for Closed System. . 72 
Hot Water Heating, Boiler, 
Radiator and Pipe Connec- 
tions 88 

Hot Water Heating, Circuit 

System 81 

Hot Water Heating, Expansion 

Tank Connections 109 

Hot Water Heating, Method of 

Sealing the System 73 

Hot Water Heating, Open Tank 

System 73 

Hot Water Heating, Radiator 

Connections 90, 91, 92, 93 

Hot Water Heating, Radiator 

Tappings 93, 94 

Hot Water Heating, Sizes of 

Mains and Branches 95 

Hot Water Heating, The Eureka 

Fitting 82 

Hot Water Heating, The Over- 
head System 84 



209 



INDEX 



Page 

Hot Water Heating, The Phelps 
Single Main Tee 83 

Hot Water Heating, The Two- 
Pipe Gravity System 75, 76 

Hot Water Radiator Valve 126 

Hot Water Risers, Method of 
Connecting 78, 79 

Hot Water Systems, Details of 
Construction 77, 78, 79 

Hot Water Systems, How Clas- 
sified 72 

Hot Water Thermometer, Use 
of 89 



Impulse Valve, Gorton System.. 155 
Indirect Heating, Sizes of Air 

Ducts and Registers 38 

Indirect Radiation, Amount Re- " 

quired 40 

Indirect Radiator, Air Supply, 37, 38 
Indirect Radiator, Location of. 36 
Information, Rules and Tables. 186 
Internal Areas of Pipe, Table. . 202 



K-M-C System of Vacuum 
Heating 151, 152, 153 

Kriebel System, Method of In- 
stallation 175 

Kriebel System of Vacuum- 
Vapor Heating 173, 174, 175 

Kriebel System, Operation of. . 176 



M 



Main, Method of Dripping 53 

Main, Table Sizes of Drips 54 

Material for Setting Tubular 

Boilers 30 

Mechanical Equivalent of Heat . 12 
Mechanical Systems of Vacuum 

Heating 141 

Melting Points of Metal, Table. 192 

Mensuration 189 

Method of Connecting Radia- 
tors for One-Pipe System . . 59, 60 



Page 
Method of Connecting Radia- 
tors for Overhead System. 60, 65 
Method of Connecting Radia- 
tors for Two-Pipe System, 

59, 61, 62, 63 
Method of Dripping a Riser. . 58 
Method of Supporting Riser, 

65, 68, 69 

Methods of Heating 13 

Methods of Warming 13 

Mills System of Steam Heating, 

50, 51 

Milwaukee Heat Generator 100 

Miscellaneous Information 188 

Mitre Coil 32, 33 

Modulated Systems 177 

Moline System, Method of In- 
stallation 172 

Moline System of Vacuum- 
Vapor Heating. 169, 170, 171, 172 
Mouat System of Vapor Heat- 
ing 162, 163 

Movement of Air, Table 196 



N 



Ninety DegreeConnection,55,56, 57 
Non-Mechanical Vacuum Sys- 
tems 148 

Number of U. S. Gallons in 
Tanks, Table 199 



O 



One-Pipe Method of Circulat- 
ing Steam 43, 44 

One-Pipe System, Method of 
Connecting Radiators 59, 60 

O S Fittings 88, 89, 90, 91 

Overhead System, Advantages 
of 84 

Overhead System, Details of 
Construction 86, 87 

Overhead System, Method of 
Connecting Radiators 60, 65 

Overhead System, Method of 
Installation 85 

Overhead System of Hot Water 
Heating 84 



210 



INDEX 



Page 

Overhead System of Steam 
Heating 50, 51 



Packless Valve 124, 127 

Paul Exhauster, High Pressure . 143 
Paul Exhauster, Low Pressure. 142 
Paul System, Down Feed Ex- 
haust 144 

Paul System of Vacuum Heat- 
ing 142, 143, 144, 145 

Paul System, Regular High 

Pressure 145 

Phelps Heat Retainer 101 

Phelps Single Main Tee 83 

Pipe Coils, Surface In 189 

Pipe Connections for Steam 

Heating 52 

Pipe, Expansion of 54, 64, 65 

Pipe Risers, Area of 65 

Pipe, Table Internal Areas and 

Weights 202 

Piping, Method of Crossing I 

Beam 71 

Pop-Safety Valve 25 

Pressure for Heating Boilers ... 25 
Pressure of Water by Siphon 

Draft Gauge, Table 194 

Properties of Saturated Steam, 

Table 198 

Pump and Condenser, Bishop- 
Babcook-Becker System 161 



Q 



Quintuple Valve, Broomell Sys- 
tem 162 



R 



Radiating Surfaces 31 

Radiating Surfaces, Types of , 31 , 33 

Radiation 31 

Radiation Required for Green- 
house Heating 182 

Radiation Required for Vacuum 

Heating 139 

Radiation Required for Vapor 

•Heating* ft(( ftt«»««fi«««i*> ±o%9 ( 



Pago 
Radiation Required for Vapor- 
Vacuum Healing 139 

Radiation, Rules for Estimating, 

38, 39 

Radiator, Direct 33 

Radiator and Pipe Connections 

for Hot Water Heating 88 

Radiator and Pipe Connections 

for Steam Heating 52 

Radiator Connections for Hot 

Water Heating. 90, 91, 92, 93 
Radiator, Direct-Indirect or 

Semi-Direct 34 

Radiator Tappings for Acceler- 
ated Heating 104 

Radiator Tappings, Hot Water 

Heating 93, 94 

Radiator Valve, Hot Water 126 

Radiator Valve, Simplex Hot 

Water 131 

Radiator Valves, Special Types, 

125, 126, 128 

Radiator Valve, Steam 125 

Receiver and Regulator, Broom- 
ell System 164, 165 

Receiver, Trane Vapor System. 166 
Registers and Air Ducts, Table 

of Sizes 38 

Registers for Indirect Heating . . 38 
Relief System of Steam Heat- 
ing 44, 45 

Retainer Valve, K-M-C System. 153 

Return-Bend Coil 32, 34 

Return Header 69, 71 

Return Pipe, Definition of 52 

Return Pipes, Wet or Dry 61 

Riser Connection or Branch ... 52 

Riser, Definition of 52 

Riser, Expansion of 65 

Risers, Size of Drips . . . . , 54 

Rules for Estimating Radiation, 

38, 39 
Rules, Tables and Information. 185 



S 



Safety Valve 25 

Simplex Hot Water Radiator 
Valve 131 



211 



INDEX 



Page 

Sizes Galvanized Sheet Iron, 

Table 203 

Size of Steam Mains, One-Pipe 

System 64 

Sizes of Steam Mains, Rules for 

Determining 63, 64 

Square Feet of Exposed Glass in 

Windows, Table 206 

Steam, B. T. U. Emitted 187 

Steam, Characteristics of 187 

Steam Gauge 26 

Steam Header 67, 70 

Steam Heating 42 

Steam Heating, Boiler, Radiator 

and Pipe Connections 52 

Steam Heating, Circuit System, 

46, 47 
Steam Heating, Divided-Circuit 

System 46, 48 

Steam Heating, Exhaust 43, 44 

Steam Heating, Gravity Return, 42 
Steam Heating, High Pressure 

42, 43 
Steam Heating, Low Pressure. . 42 
Steam Heating, Methods of In- 
stallation 42 

Steam Heating, One-Pipe Meth- 
od 43, 44 

Steam Heating, Overhead or 

Mills System 50, 51 

Steam Heating, Relief System, 

44, 45 
Steam Heating, Systems in 

General Use 42 

Steam Heating, Two-Pipe Sys- 
tems 49, 50 

Steam Main 52 

Steam Main, Method of Cross- 
ing Beam 71 

Steam Radiator Valve 125 

Strength of Tubular Boilers 190 

Surface in Pipe Coils 189 

SwiDg Joint 58, 59 

Systems of Steam Heating 42 



Table. Boiling Point of Water, 

137, 138 



Table I, Boiling Points of Fluids, 192 

Table II, Temperature of Fire. . 192 

Table III, Approximate Melting 
Points of Metals 192 

Table IV, Areas of Circles 193 

Table V, Chimney Flues 194 

Table VI, Pressure in Inches of 
Water by Siphon Draft Gauge 194 

Table VII, Amount of Vacuum 
Secured at Different Tem- 
peratures 195 

Table VIII, Velocity of Flow of 
Water 195 

Table IX, B. T. U. Required for 
Heating Air 196 

Table X, Ventilation 196 

Table XI, Heat Units in Water. 197 

Table XII, Properties of Satu- 
rated Steam 198 

Table XIII, Number of U. S. 
Gallons in Tanks 199 

Table XIV, Dimensions and 
Capacities of Standard 
Wrought Iron Pipes 200 

Table XV, Heating Surface in 
Wrought Pipe 201 

Table XVI, Internal Areas of 
Different Sizes and Weights 
of Pipe 202 

Table XVII, Capacities and 
Threads of Standard Wrought 
Iron Pipe 202 

Table XVIII, Galvanized Sheet 
Iron — Sizes and Weights 203 

Table XIX, Galvanized Sheet 
Iron Pipe 204 

Table XX, Dimensions of Regis- 
ters 205 

Table XXI, Square Feet of Ex- 
posed Glass Surface in Win- 
dows of Various Sizes 206 

Table, Drip Pipes for Steam 
Mains 54 

Table, Expansion of Wrought 
Pipe 54 

Table, Radiation Required for 
Greenhouse Heating 182 

Table, Radiator Tappings for 
Hot Water 94 



212 



I$DEX 



Page 

Table, Size of Drips for Risers. . 54 
Table, Size of Mains for Circuit 

System 83 

Table, Size of Mains, One-Pipe 

System 64 

Table, Sizes and Capacities of 

Expansion Tanks 80 

Table, Sizes of Main and Return 

for Atmospheric System 178 

Table, Sizes of Mains and 
Branches for Hot Water Heat- 
ing 95 

Table, Sizes of Supply and Re- 
turn Pipes for Vapor Heating . 170 
Table, Temperatures and Pres- 
sures of Water 73 

Tables, Information and Rules . 186 
Tank Circulator, Method of 

Connecting 107 

Tank Circulator, The Honeywell 107 

Tank Heaters, How Rated 117 

Tanks, Capacities of 189 

Tee, Used "Bull-Head" 56, 57 

Temperature of Fire, Table 192 

Theory and Laws of Heat 11 

To Clean a Water Gauge 190 

Trane Mercury Seal 149 

Trane-Paul Air Valve 150 

Trane System of Vapor Heating, 

163, 164, 165, 166 
Trane Vacuum System 148, 149, 150 
Trane Vapor System, Method 

of Installation 167 

Tubular Boilers, Heating Sur- 
face In 190 

Tubular Boilers, Strength of . . . 190 
Two-Pipe Gravity Hot Water 
Heating, Method Employed, 

75, 76 
Two-Pipe System, Method of 
Connecting Radiators, 59, 61, 

62, 63 
Two-Pipe System of Steam 

Heating 49, 50 

Types of Radiator Surfaces 31 



U 



Union Elbow, Broomell System . 163 I 



Pago 

Unique Radiator Valve 1% 

Unique Radiator Valve Closed, 

Sectional View 130 

Unique Radiator Valve Open, 

Sectional View 129 

U. S. Gallons in Tanks, Table . . 199 



Vacuo-Vapor Heating 133 

Vacuum Heating, Bishop-Bab- 
cock-Becker System 156, 157 

Vacuum Heating, Eddy System, 

157, 159 

Vacuum Heating, Dunham Sys- 
tem 155, 156 

Vacuum Heating, Gorton Sys- 
tem..." 152, 153, 154 

Vacuum Heating, K-M-C Sys- 
tem 151, 152, 153 

Vacuum Heating, Mechanical 
Systems 141 

Vacuum Heating, Paul System, 

142, 143, 144, 145 

Vacuum Heating, Principles of, 

134, 135, 136, 137 

Vacuum Heating, Principles of 
Operation 140 

Vacuum Heating, Radiation Re- 
quired 139 

Vacuum Heating, Trane System, 

148, 149, 150 

Vacuum Heating, Van Auken 
System 146 

Vacuum Heating, Webster Sys- 
tem 141 

Vacuum, How Measured 137 

Vacuum, How Produced 135 

Vacuum Secured at Different 
Temperatures, Table 195 

Vacuum Systems, Non-Mechani- 
cal 148 

Vacuum, Vapor and Vacuo- 
Vapor Heating 133 

Vacuum-Vapor Heating, Kriebel 
System 173, 174, 175 

Vacuum-Vapor Heating, Moliae 
System 169, 170, 171, 172 

Vacuum, What It Is 133, 134 



213 



INDEX 



Page 

Valves and Air Valves 120 

Valves, Types Employed on 
Heating Apparatus 120 

Van Auken System of Vacuum 
Heating 146 

Vapor and Vacuo- Vapor Heat- 
ing 133 

Vapor Heating, Broomell Sys- 
tem 160, 161 

Vapor Heating, Mouat System, 

162, 163 

Vapor Heating, Radiation Re- 
quired 40, 41, 139 

Vapor Heating, Sizes of Supply 
and Return Pipes 170 

Vapor Heating, Trane System, 

163, 164,\165, 166 

Vapor Heating, Vapor Regula- 
tor Co 168, 169 

Vapor Heating, What It Is . 138, 139 

Vapor Regulator (Vs. Special- 
ties 168 

Vapor Regulator Co's. System, 
Method of Installing 169 

Vapor Regulator Co's. System 
of Vapor Heating 168, 169 

Vapor Systems 160 

Vapor- Vacuum Heating, Radia- 
tion Required 139 

Velocity of Flow of Water, Table 195 

Ventilation, Table 196 



Vertical Checks, K-M-C System, 

151, 152 



W 



Water, Boiling Point of 137, 138, 187 
Water, Characteristics of . . . 186, 187 

Water Column and Gauge 26 

Water, Expansion of 187 

Water, Gallons per Cubic Foot . 186 
Water Gauge, How to Clean. . . 190 
Water Hammer, Reason for ... . 60 
Water Line, Distance Required, 

62, 63 
Water, Pounds per Cubic Foot. 186 

Water, Pressure of 187 

Water, Table of Temperatures 

and Pressures 73 

Webster Modulating System, 

178, 179 

Webster Motor Valve 141 

Webster System of Vacuum 

Heating 141 

Weights and Areas of Pipe, 

Table 202 

Weights of Galvanized Sheet 

Iron, Table 203 

Wrought Iron Pipe, Table of 

Dimensions in Capacities. . . . 200 
Wrought Pipe, Heating Surface 

In, Table 201 



214 



SUBJECT INDEX 



PAGE 

Accidents , 20 

Air Brakes 19, 21 

Arithmetics 11, 22, 28 

Automobiles 3, 4, 5 

Balloons 5 

Bevel Gears 17 

Boilers 10 

Brazing 6 

Cams 17 

Change Gears 17 

Charts 6 

Chemistry 20 

Coal Mining 24 

Coke 7 

Compressed Air 7 

Concrete 7, 8. 

Cyclopedia 7, 21 

Dictionaries 9 

Dies 9.10 

Drawing 10, 25 

Drop Forging 10 

Dynamo 11, 12, 13 

Electricity 11, 12, 13, 14 

Engines and Boilers 23 

Factory Management 14 

Flying Machines 5 

Fuel 14 

Gas Engines 14, 15, 16 

Gas Tractor 30, 31 

Gears 17 

Heating, Electric 11 

Hot Water Heating 28 

Horse-Power Chart 6 

Hydraulics 17 

Ice Making 17 

India Rubber 26 

Interchangeable Manufacturing 21 

Inventions 17 

Knots 18 

Lathe Work 18 

Lighting (Electric) 11 

Link Motion 19 

Liquid Air 18 

Locomotive Boilers 19 

Locomotive Engineering 19, 20, 21 

Machinists' Books 21, 22, 23 

Manual Training 23 



PAGE 

Marine Engines 23 

Marine Steam Turbines 30 

Mechanical Movements 22 

Metal Turning 18 

Milling Machines 23 

Mining 24 

Oil Engines 15 

Patents 17 

Patternmaking 24 

Perfumery 24 

Pipes 28 

Plumbing 25 

Producer Gas 15 

Punches lO 

Railroad Accidents 2f> 

Recipe Book 26. 32 

Refrigeration 17 

Rope Work 18 

Rubber Stamps 26 

Saws 26 

Sheet Metal Working 9, lO 

Shop Tools 22, 23 

Shop Construction 22 

Shop Management 22 

Sketching Paper 11 

Smoke Prevention 14 

Soldering 6 

Splices 18 

Steam Engineering 27, 28 

Steam Heating 28 

Steam Pipes 28 

Steel 28, 29, 3fr 

Suf)erheated Steam 19 

Switchboards 11. 13 

Tapers 18 

Telephone 13 

Threads 23 

Tools 22, 28 

Tractor, Gas 30. 31 

Turbines &> 

Ventilation 28 

Valve Gear 20 

Valve Setting 19 

Walschaert Valve Gear 2a 

Watchmaking 30 

Wiring 11. 12. 13. 14 

Wireless Telephones and Telegraphy 13 



BT ANY OF THESE BOOKS PROMPTLY SENT PREPAID TO ANY ADDRESS 

IN THE WORLD ON RECEIPT OF PRICE. 

lyHOW TO REMIT.— By Postal Money Order, Express Money Order, Bank 

Draft or Registered Letter. 



2 



Jaet PabHehed! 1914 Revise d Edition! ISO Pagee of New Matter and 
Engraving* Added 1 . Containe Up-to-the-minute Information . 

The MODERN GASOLINE 

AUTOMOBILE 

Its Construction, Operation, Maintenance 

and Repair. 

By VICTOR W. PAG&, M. EL 




875 MiMtratSom ftmr 850 Page*— Eleven Urf • Foldfasf 

Plat** 

PRICE $2-50 
A COMPUTE AUTOMOBILE BOOK, SNOWIIB EVERY RECEBT IMPROVEMEBT 

* By a careful study of the pages of this book one can gain practical knowledge of 
the automobile that "will save time, money, and worry. The book tells you just what 
to do, how and when to do it Nothing has been omitted, no detail has been slighted. 
Every part of the automobile, its equipment, accessories, tools, supplies, spare parts 
necessary, etc., have been discussed comprehensively. If you are or intend to become 
a motorist, or are in any way interested in the modern Gasoline Automobile, mis is a 
book you cannot afford to be without 

COVERS EVERT PHASE OF UP-TO-DATE AUTOMOBILE PRACTICE AND 
IS SUPERIOR TO ANT TREATISE HERETOFORE PUBLISHED 

Written in simple language by a recognized authority, familiar with every branch 
el the automobile industry. Free from technical terms. Everything is explained so 
simply that anyone of average intelligence may gain a comprehensive knowledge of the 
gasoline automobile. The information is up to date and includes, in addition to an 
exposition of principles of construction and description of all types of automobiles and 
their parts, valuable money-saving hints on the care and operation of motor cars pro- 
felled by internal combustion engines. 

Motoriste, students, salesmen, demonstrators, repairmen, chauffeurs, garage owners. 
and even designers or engineers need this work because it is complete, authoritative ana 
thoroughly up-to-date. Other works dealing with automobile construction published 
tn the past make no reference to modern Improvements because of their recent 
development. All are folly discussed and illustrated In this volume. 

CONTAINS SPECIAL CHAPTERS ON 

I. Types of Modern Automobiles. II. How Power is Generated, m. Principal Parti of Gasoline 
Engines, Their Design, Construction, and Application. IV. Constructional Details of Pistons. V. Liquid 
Fuels Used and Methods of Vaporising to Obtain Explosive Gas. VI. Automobile Power-Plant Ignition 
Systems Outlined. VII. Reasons for Lubrication of Mechanism. VIII. Utility of Clutches and Gcarsets. 
IX. The Chassis and Its Parts. X. Wheels, Rims, and Tires. XI. Motor Car Ikniipment and Aoaessorise. 
XII. Operating Advice and Explanation of Automobile Control Methods. XIII. Hints to Assist in 
Locating Power-Plant Troubles. XIV. Keeping Up the Motor-Car Chassis. 

WHAT IS SAID OF THIS BOOKt 

"It is the best book on the Automobile seam up to date."— J. H. Pile, Associate Editor, Aummmih 
Trede Journal. 

"Every Automobile Owner has use for a book of this character." — Th$ Trad fma n. 

"This book is superior to any treatise heretofore published on the subject." — Tht In w mU lM Ap. 

"We know of no other volume that is so complete in all its departments, and in which the wide field 
of automobile construction with its mechanical intricacies is so plainly handled, both in the text and in the 
matter of illustrations."— Th* MotoruL 

"The book is very thorough, a careful examination failing to disclose any point in connection wrah 
the automobile, its care and repair, to have been overlooked."— Iron Acs. 

"Mr. Page has done a great work, and benefit to the Automobile field."— W. C. Hasford, Mgr. T. M. 
C* A. Automobile School, Boston, Mass. 

''It is just the kind of a book a motorist needs if he wants to understand his car."— Amwicem 
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JUST PUBLISHED! 

QUESTIONS AND ANSWERS 

RELATING TO MODERN 

AUTOMOBILE DESIGN, CONSTRUCTION AND REPAIR 

By VICTOR W. PAG6, M. E., 

Author of "The Modern Gaanlmr Automobile", "Tb« Modern Oil Tractor", Etc. Btc 

MM (8>9) P M h. 

PRICE SI. BO. 



leaaoati, covering with DM 

answer* — the) automobile, iU era _ . r .._ 

repair. The subject matter U absolutely correct end • 
in aim pie language. If yon can't anawer all of the) following 
qintioH, yon need thu work. The anawer* to these and 
nearly 2000 mora era to be found in iU page*. 

Give the name of all important parts of an automobile 
and describe their functions. Describe action of latest 
types of kerosene carburetors. What is the difference 
between a "Double" ignition system and a "dual" ignition 
system T Name parts of an induction coil T How are valves 
— timed T What is an electric motor starter and how does it 
workT What are advantages of worm drive gearing? 
Name all important types of ball and roller bearings! What is a "Three- 
quarter " floating axle ? What is a two-speed axle ? What is the Vulcan electric 
gear shift? Name the causes of lost power in automobiles. Describe all noisea 
due to deranged mechanism and give causes? How can you adjust ■ carburetor 
by the color of the exhaust gases T What cause* ' ' popping ' ' in the carburetor T 
What tools and supplies are needed to equip a car ? Hew do you drive various 
makes of cars? What is a differential lock and where is it used? Name different 
systems of wire wheel construction, etc., etc. 

A popular work at a popular price. Answer* every question ycju 
may ask relating to the modern autoraobile. 



SYNOPSIS OP THE 36 LESSONS 

Action of Sliding Gear 



1. The Modern Gasoline Automobile and Its 

Principal Parta. 

8. Aciiooof Two and Four StroieCrcleMolora. 

t. partiorGaaolineMolonandTheir Function. 

4. Fuel! for Automobile Motora. 

E. Theoiy nf Carburetion and Its Application. 

t. Typaa of Carburetor* and Their Action. 

T. Hon Gai is Exploded in Cylinder to 

Produce Power. 

B. Partaoflgi 

B. Current Pi 

H). Low Tcnilon Ignition Svutrmi. 

11. High Tenaion Ignition Syatema. 

It. Method! or Lubricating the Automobile 

IS. Cooling the Gaaoline Engine by air. 

la. Typical Water Cooling Syatema. 

13. Vie of Clutch and Various Type* Deacrtbed. 

IS. The Fricilon Tr*namtaaion. __. 

■7. The Individual Clutch Change Speed Gear. | M. Bqui) 



Star AxleTypea. 
Automobile Frame* and Sprini 
The Steering Gear and Front 1 
Wheels. Rim. and Tirea. 
Automobile Benin ga and The I 
How to Start and Control Auto: 
Plant.. 

Method! of Speed Changing Ot 
Utility of Brake* and Their Ca 
General Driving Initructic.ni. 
Oiling the Automobile Cbaaaia 
Road Trouble* and Their Syni 
Repairing power Plant Group 
Trouble* With Power f 
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AUTOMOBILE 

THE MODERN GASOLINE AUTOMOBILE— ITS DESIGN, CONSTRUCTION, 
MAINTENANCE AND REPAIR. By Victor W. Page, M. £. 

The latest and most complete treatise on the Gasoline Automobile ever issued. Written 
in simple language by a recognized authority, familiar with every branch of the auto- 
mobile industry. Free from technical terms. Everything is explained so simply 
that anyone of average intelligence may gain a comprehensive Knowledge of the 
gasoline automobile. The information is up-to-date and includes, in addition to an 
exposition of principles of construction and description of all types of automobiles and 
their components, valuable money-saving hints on the care and operation of motor- 
cars propelled by internal combustion engines. Among some of the subjects treated 
might be mentioned: Torpedo and other symmetrical body forms designed to reduce 
air resistance; sleeve valve, rotary valve and other types of silent motors; increasing 
tendency to favor worm-gear power-transmission; universal application of magneto 
Ignition; development of automobile electric-lighting systems; block motors; under- 
sTung chassis; application of practical self-starters; long stroke and offset cylinder 
motors; latest automatic lubrication systems; silent chains for valve operation and 
change-speed gearing ; the use of front wheel brakes and manyother detail refinements. 

By a careful study of the pases of this book one can gain practical knowledge of auto- 
mobile construction that will save time, money and worry. The book tells you just 
what to do, how and when to do it. Nothing has been omitted, no detail has been 
slighted. Every part of the automobile. Its equipment, accessories, tools, supplies, 
spare pasts necessary, etc., have been discussed comprehensively. If you are or 
Intend to become a motorist, or are in any way interested in the modern Gasoline 
Automobile, this is a book you cannot afford to be without. Over 800 6x9 pages— 
and more than 576 new and specialty made detail illustrations, as well as many full 
pace nnd double page plates, showing all parts of the automobile. Including 11 large 
folding plates. 1914 edition just issued. (See page 3 for full description.) Price $2.50 

QUESTIONS AND ANSWERS ON AUTOMOBILE DESIGN, CONSTRUC- 
TION AND REPAIR. By VICTOR W. PAGE, M. E. 

This practical treatise consists of thirty-six lessons covering with nearly 2000 questions 
and their answer— the automobile, its construe Ion, operation and repa»r. The sub- 
ject matter is absolutely correct and explained in simple language. The book Is 
copiously illustrated with drawings and photographs, showing the latent domestic 
and foreign practice. 688 pages, 889 illustrations and plates. (See page U for full 
description.) Pr.ce $1.50 

WHAT IS SAID OF THIS BOOK: 
** If you own a car— Get this book."— The Glassworher. 

"Mr. Page" has the faculty of making difficult subjects plain and understandable." 
— Bristol Press. 

"We can name no writer better qualified to prepare a book of instruction on automo- 
biles tban Mr. Victor W. Pagfi."— Scientific American. 

" The best automobile catechism that has appeared."— Automobile Topic*. 

GASOLINE ENGINE TROUBLES MADE EASY— A CHART SHOWING SEC- 
TIONAL VIEW OP GASOLINE ENGINE. Compiled by Victor W. Page. 

It shows clearly all parts of a typical four cylinder gasoline engine of the four-cycle 
type. It outlines distinctly all parts liable to give trouble and also details the de- 
rangements apt to interfere with smooth engine operation. 

Valuable to students, motorists, mechanics, repairmen, garagemen. automobile sales- 
men, chauffeurs, motorboat owners, motor truck and tractor drivers, aviators, motor- 
cyclists, and all others who have to do with gasoline power plants. 

It simplifies location of all engine troubles, and while It will prove invaluable to the 
novice, it can be used to advantage by the more expert. It should be on the walls of 
every public and private garage, automobile repair shop, club house or school. It can 
be carried in the automobile or pocket with ease, and will Insure against loss of time 
when engine trouble manifests itself. 

This sectional view of engine is a complete review of all motor troubles. It is prepared 
by a practical motorist for all who motor. More information for the money than ever 
before offered. No details omitted. Size 25x38 Inches. Securely mailed on receipt 
of 85 cents 

BALLOONS AND FLYING MACHINES 



MODEL BALLOONS AND FLYING MACHINES, WITH A SHORT ACCOUNT OF 
THE PROGRESS OF AVIATION. By J. H. Alexander. 

This book has been written with a view to assist those who desire to construct a model 
airship or flying machine. It contains five folding plates of working drawings, each 
sheet containing a different sized machine. Much Instruction and amusement can be 
obtained from the making and flying of these models. 

A short account of- the progress of aviation is included, which wiU render the book of 
greater interest. Several Illustrations of full sized airship and flying machines of the 
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latest types are scattered throughout the text. This practical work gives data, 
working drawings, and details which will assist materially those interested In the prob- 
lems of flight. 127 pages, 46 Illustrations, 5 folding plates. Price. .... 91.60 

( 

BRAZING AND SOLDERING 

BRAZING AND SOLDERING. By Jambs F. Hobabt. 

The only book that shows you Just how to handle any Job of brazing or soldering that 
comes along; it tells you what mixture to use. how to make a furnace if you need one. 
Pull of valuable kinks. The fifth edition of this book has just been published, and to 
It much new matter and a large number of tested formulas for all kinds of solders and 
fluxes have been added. Illustrated. 26 cents 



CHARTS 

GASOLINE ENGINE TROUBLES MADE EASY— A CHART SHOWING SEC- 
TIONAL VIEW OF GASOLINE ENGINE. Compiled by Victor W. Page. 
It shows clearly all parts of a typical four-cylinder gasoline engine of the four-cycle 
type. It outlines distinctly all parts liable to give trouble and also details the de- 
rangements apt to Interfere with smooth engine operation. 

Valuable to students, motorists, mechanics, repairmen, garagemen, automobile sales- 
men, chauffeurs, motorboat owners, motor-truck and tractor drivers, aviators, motor- 
cyclists, and all others who have to do with gasoline power plants. 
It simplifies location of all engine troubles, and while it will prove invaluable to the 
novice, It can be used to advantage by the more expert. It should be on the walls of 
every public and private garage, automobile repair shop, club house or school. It can 
be carried in the automobile or pocket with ease and will Insure against loss of time 
when wn gtnft trouble manifests itself. 

This sectional view of engine is a complete review of all motor troubles. It is pre- 
pared by a practical motorist for all who motor. No details omitted. Size 25x38 
Inches 86 cento 

MOTORCYCLE TROUBLES MADE EASY — A CHART SHOWING SEC- 
TIONAL VIEW OF TWIN CYLINDER GASOLINE ENGINE. Com- 
piled by Victor W. PagA. 

This chart simplifies location of all power plant troubles, and will prove invaluable 
to all who have to do with the operation, repair or sale of motorcycles. No details 
omitted. Size 25x88 inches. Price • , 26 cents 

MODERN SUBMARINE CHART— WITH 200 PARTS NUMBERED AND 

NAMED 

A cross-section view, showing clearly and distinctly all the Interior of a Submarine of 
the latest type. You get more information from this chart, about the construction and 
operation of a Submarine, than in any other way. No details omitted— everything 
Is accurate and to scale. It is absolutely correct in every detail, having been approved 
by Naval Engineers. All the machinery and devices fitted in a modern Submarine 
Boat are shown, and to make the engraving more readily understood, all the features 
are shown in operative form, with Officers and Men in the act of performing the duties 
assigned to them in service conditions. This CHART IS REALLY ANENCYCLO- 
PEDIA OF A SUBMARINE 86 eenta 

BOX CAR CHART. 

A chart showing the anatomy of a box car, having every part of the car numbered and 
its proper name given in a reference list. 85 cents 

GONDOLA CAR CHART. 

A chart showing the anatomy of a gondola car. having every part of the car numbered 
and its proper reference name given in a reference list. 85 cents 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passenger car, having every part of the car numbered 
and its proper name given in a reference list 85 cents 

STEEL HOPPER BOTTOM COAL CAR. 

A chart showing the anatomy of a steel Hopper Bottom Goal Oar, having every part 
of the car numbered and its proper name given in a reference list. ... .85 cento 

TRACTIVE POWER CHART. 

A chart whereby you can find the tractive power or drawbar pull of any locomotive 
without making a figure. Shows what cylinders are equal, how driving wheels and 
steam pressure affect the power. What sized engine you need to exert a given drawbar 
pull or anything you desire in this line • 50 cents 

HORSE POWER CHART. 

Shows the horse power of any stationary engine without calculation. No matter what 
the cylinder diameter of stroke, the steam pressure or cut-off, the revolutions, or 
whether condensing or non-condensing, it's all there. Easy to use, accurate, and 
saves time and calculations. Especially useful to engineers and designers. 50 cents 

BOILER ROOM CHART. By Geo. L. Fowler. 

A chart — size 14x28 inches — showing In Isometric perspective the mechanism* ie- 
longlng in a modern boiler room. The various parts are shown broken or removed, 
so that the internal construction is fully illustrated. Each part Is given a reference 
number, and these, with the corresponding name, are given in a glossary printed at 
the sides. This chart is really a dictionary of the boiler room— the names of more than 
200 parts being given. ..••••••••••• 85 cents 



to any progressive num. It U encyclopedic In scope, thorough and practical tn it* 
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CIVIL ENGINEERING 

HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED 

TRADES. Edited by Joseph G. Hornib, A.M.I.M.E. 

This set of fire volume* contain! about 2.600 pages with thousand! of Illustrations. 
Including diagrammatic and sectional drawings with full explanatory details. Thli 
work covers theentlrepracticeof CItII and Mechanical Engineering. The best-known 
experts in all branches of engineering have contributed to these volumes. The Cyclo- 
pedia It admirably well adapted to the needs of the beginner and the self-taught, 
practlca] man. as well as the mechanical engineer, designer, draftsman, shop super- 
tDteadent, foreman, and machinist. The work will be found a means of advancement 
"' -ough and pracf 
ptlve matter, an 
> brief a* mar b 
t. and are writte 
experience in the matters of i 
._ .. — >ut engineering, and tells It so 

, . help but understand. As a work o 

fe.OOperalnglevoluine. For complete set of five volumes, pi 
WHAT 18 SAID OF THIS 8BT OF BOOKS: 
"This new Encyclopedia Is a commendable work." — Engineering Newt. 
"This work la a (treat help to men engaged in mechanical occupations and those persons 
having need of a ready reference work. — Southern Machinery. 

COKE 

COKE— MODERN COKING PRACTICE: INCLUDING THE ANALYSIS OF 
MATERIALS AND PRODUCTS. By T. H. Btkoh and J. E. Chbibtophu. 
A handbook for those ei 

Fully Illustrated with fo 
this boek, to produce on 
with, or Interested In. 1 
troduciory. II. Genet 
Sampling and Valuatioi 
VI. Coke Ovens. VII. 
Charging and Discharg 
Oaa Exhausters. XI I 
Worklng-up of Ammonl 
Plants. XV. Valuatioi 
mollis from Ooke Oven 
Very fully illustrated. 

COMPRESSED AIR 
COMPRESSED AUt IN ALL ITS APPLICATIONS. By Gabdnzb D. Hiscox. 



CONCRETE 

JUST PUBLISHED— CONCRETE WORKERS' REFERENCE BOOKS. A 
SERIES OF TWELVE POPULAR HANDBOOKS FOR CONCRETE 
USERS. Prepared by A. A. Houghton. Each 50c. 

The author. In preparing Ifti* Stria, lias no! only treated on the usual topes o/amjf ruction, 
but erplaini and illustrates molds and systems that are not patented, but which are equal 
in valve and often tuperlar to those restricted by patent!. These moldt are tern easily and 
cheaply constructed and embody simplicity, rapidity of operation, and the moil luccettful 
results in the molded concrete. Each of these Turelte book* it fully illustrated, and the 
subjects art txhaustitely treated in plain English. 

CONCRETE WALL FORMS. By A. A. Houghton. 

A new automatic wall damp Is Illustrated with working di 
wall forms, damns, separators, eta., era also Illustrated 
(No. 1 of Series) 
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CONCRETE FLOORS AND SIDEWALKS. By A. A. Houghton. 

The molds for mol 
sidewalk blocks are 



The molds for molding squares, hexagonal and many other styles of mosaic floor and 

s fully Illustrated and explained. (No. 2 of teles) . • 60 cents 

PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. Houghton. 

Complete working drawings and specifications are given for several styles of concrete 
silos, with Illustrations of molds for monolithic and block silos. The tables, data, and 
information presented in this book are of the utmost value in planning and constructing 
all forms of concrete silos. (No. 3 of Series.) 50 cents 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A. 

Houghton. 

The manufacture of all types of concrete slate and roof tile is fully treated. Valuable 
data on all forms of reinforced concrete roofs are contained within Its pages. The 
construction of concrete chimneys by block and monolithic systems is fully Illustrated 
and described. A number of ornamental designs of chimney construction with molds 
are shown in this valuable treatise. (No. 4 of Series) 50 cents 

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. Houghton. 

The proper proportions of cement and aggregates for various finishes, also the methods 
of thoroughly mixing and placing in the molds, are fully treated. An exhaustive 
treatise on this subject that every concrete worker will find of daily use and value. 
(No. 6 of Series) 50 



CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By A. A. 

Houghton. 

The molding of concrete monuments to imitate the most expensive cut stone is ex* 
plained in this treatise, with working drawings of easily built molds. Cutting in- 
scriptions and designs is also fully treated. (No. 6 of Series) 50 cents 

MOLDING CONCRETE BATH TUBS, AQUARIUMS AND NATATORIUMS. 

By A. A. Houghton. 

Simple molds and instruction are given for molding many styles of concrete bath tubs, 
swimming pools, etc. These molds are easily built and permit rapid and successful 
work. (No. 7 of Series) 50 cento 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. Houghton. 

A number of ornamental concrete bridges with illustrations of molds are given. A 
collapsible center or core for bridges, culverts and sewers is fully Illustrated with de- 
tailed instructions for building. (No. 8 of Series) 50 cento 

CONSTRUCTING CONCRETE PORCHES. By A. A; Houghton. 

A number of designs with working drawings of molds are fully explained so any one 
can easily <construct different styles of ornamental concrete porches without the pur- 
chase of expensive molds. (No. 9 of Series) 50 cento 

MOLDING CONCRETE FLOWER POTS, BOXES, JARDINIERES, ETC. By 

A. A. Houghton. 

The molds for producing many original designs of flower pots, urns, flower boxes, 
jardinieres, etc., are fully illustrated and explained, so the worker can easily construct 
and operate same. (No. 10 of Series) 50 cento 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By A. A. 

Houghton. 

The molding of a number of designs of lawn seats, curbing, hitching posts, pergolas, sun 
dials and other forms of ornamental concrete for the ornamentation of lawns and gar- 
dens, is fully illustrated and described. (No. 11 of Series) 50 cento 

CONCRETE FOR THE FARM AND SHOP. By A. A. Houghton. 

The molding of drain tile, tanks, cisterns, fence posts, stable floors, hoar and poultry 
houses and all the purposes for which concrete is an Invaluable aid to the farmer are 
numbered among the contents of this handy volume. (No. 12 of Series) 50 cento 

CONCRETE FROM SAND MOLDS. By A. A. Houghton. 

A Practical Work treating on a process which has heretofore been held as a trade secret 
by the few who possessed it, and which will successfully mold every and any class of 
ornamental concrete work. The process of molding concrete with sand molds is of 
the utmost practical value, possessing the manifold advantages of a low cost of molds, 
the ease and rapidity of operation, perfect details to all ornamental designs, density 
and increased strength of the concrete, perfect curing of the work without attention 
and the easy removal of the molds regardless of any undercutting the design may have. 
102 pages. Fully illustrated. Price $8.00 

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Houghton. 

The process for making ornamental concrete without molds has long been held as a 
secret, and now, for the first time, this process is given to the public. The book 
reveals the secret and is the only book published which explains a simple, practical 
method whereby the concrete worker is enabled, by employing wood and metal tem- 
plates of different designs, to mold or model in concrete any Cornice, Archivolt 
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Column. Pedestal, Base Cap, Urn or Pier in a monolithic form — right upon the Job. 
These may be molded In units or blocks, and then built up to suit the specifications 
demanded. This work Is fully Illustrated, with detailed engravings. Price . $8.00 



POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By Myron 

H. Lewis. 

This is a concise treatise of the principles and methods employed In the manufacture 
and use of cement in all classes of modern works. The author has brought together 
In this work all the salient matter of interest to the user of concrete and its many 
diversified products. The matter Is presented in logical and systematic order, clearly 
written, fully illustrated and free from involved mathematics. Everything of value to 
the concrete user is given, including kinds of cement employed in construction, concrete 
architecture, inspection and testing, waterproofing, coloring and painting, rules, tables, 
working and cost data. The book comprises thirty-three chapters, as follows : 

Introductory. Kinds of Cements and How They are Made. Properties. Testing 
and Requirements of Hydraulic Cement. Concrete and Its Properties. Sand, Broken 
Stone and Gravel for Concrete. How to Proportion the Materials. How to Mil 
and Place Concrete. Forms of Concrete Construction. The Architectural and Artistic 
Possibilities of Concrete. Concrete Residences. Mortars. Plasters and Stucco and 
How to Use Them. The artistic Treatment of Concrete Surfaces. Concrete Building 
Blocks. The Making of Ornamental Concrete. Concrete Pipes. Fences, Posts, etc. 
Essential Features and Advantages of Reenforced Concrete. How to Design Reen- 
forced Concrete Beams, Slabs and Columns. Explanations of the Methods and 
Principles in Designing Reenforced Concrete Beams and Slabs. Systems of Reen- 
forcement Employed. Reenforced Concrete in Factory and General Building Con- 
struction. Concrete in Foundation Work. Concrete Retaining Walls, Abutments 
and Bulkheads. Concrete Arches and Arch Bridges. Concrete Beam and Girder 
Bridges. Concrete in Sewerage and Drainage Works. Concrete Tanks, Dams and 
Reservoirs. Concrete Sidewalks, Curbs and Pavements. Concrete in Railroad Con- 
structions. The Utility of Concrete on the Farm. The Waterproofing of Concrete 
Structure. Grout or Liquid Concrete and Its Use. Inspection of Concrete Work. Cost 
of Concrete Work. Some of the special features of the book are: 1. The Attention 
Paid to the Artistic and Architectural Side of Concrete Work. 2. The Authoritative 
Treatment of the Problem of Waterproofing Concrete. 3. An Excellent Summary of 
the Rules to be Followed in Concrete Construction. 4. The Valuable Cost Data and 
Useful Tables given. A valuable Addition to the Library of Every Cement and 
Concrete User. Price $2.50 

WHAT IS SAID OF THIS BOOK: 

"The field of Concrete Construction Is well covered and the matter contained is well 
within the understanding of any person." — Engineering-Contracting. 

"Should be on the bookshelves of every contractor, engineer and architect in the 
tend."— National Builder. 

WATERPROOFING CONCRETE. By Myron H. Lewis. 

Modern Methods of Waterproofing Concrete and Other Structures. A condensed 
statement of the Principles, Rules, and Precautions to be Observed in Waterproofing 
and Dampprooflng Structures and Structural Materials. Paper binding. Illustrated. 
Price 60 cents 

DICTIONARIES 

STANDARD ELECTRICAL DICTIONARY. By T. O'Conor Sloanb. 

An Indispensable work to all interested in electrical science. Suitable alike for the 
student and professional. A practical handbook of reference containing definitions of 
about 6000 distinct words, terms and phrases. The definitions are terse and concise 
and include every term used in electrical science. Recently issued. An entirely new 
edition. Should De in the possession of all who desire to keep abreast with the progress 
of this branch of science. Complete, concise and convenient. 682 pages. 393 illustra- 
tions. Price 98.00 
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DIES: THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING OF 

SHEET METALS. By J. V. Woodworth. 

A most useful book, and one which should be in the hands of all engaged in the press 
working of metals; treating on the Designing, Constructing, and Use ofTools. Fixtures 
and Devices, together with the manner in which they should be used in the Power 
Press, for the cheap and rapid production of the great variety of sheet-metal articles 
now in use. It is designed as a guide to the production of sheet-metal parts at the 
minimum of cost with the maximum of output. The hardening and tempering of 
Press tools and the classes of work which may be produced to the best advantage by 
the use of dies in the power press are fully treated. Its 505 illustrations show dies, 
press fixtures and sheet-metal working devices, the descriptions of which are so clear and 
practical that all metal-working mechanics will be able to understand how to design, 
construct and use them. Many of the dies and press fixtures treated were either 
constructed by the author or under his supervision. Others were built by skilful 
mechanics ana are In use in large sheet-metal establishments and machine shops. 
6th Edition. Price $8.00 
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PUNCHES, DIBS AND TOOLS FOR MANUFACTURING IN PRESSES. By 

J. V. WOODWORTH. 

This work is a companion volume to the author's elementary work entitled " Dies, Their 
Construction and Use." It does not go into the details of die making to the extent of 
the author's previous book, but gives a comprehensive review of the field of operations 
carried on by presses. A large part of the information given has been drawn from the 
author's personal experience. It might well be termed an Encyclopedia of Die Making, 
Punch Making, Die Sinking, Sheet Metal Working, and Making of Special Tools, Sub- 
presses, Devices and Mechanical Combinations for Punching, Cutting, Bending. Form- 
ing, Piercing, Drawing, Compressing and Assembling Sheet Metal Parte, and also Arti- 
cles of other Materials in Machine Tools. 2d Edition. Price 94.00 

DROP FORGING, DIE-SINKING AND MACHINE-FORMING OF STEEL. By 

J. V. WOODWOKTH. 

This is a practical treatise on Modern Shop Practice, Processes, Methods, Machines, 
Tools, and Details treating on the Hot and Cold Machine-Forming of 8teel and Iron 
into Finished shapes; Together with Tools, Dies, and Machinery involved in the 
manufacture of Duplicate Forgings and Interchangeable Hot and Cold Pr es sed Parts 
from Bar and Sheet Metal. This Book fills a demand of long standing for information 
regarding drop forgings, die-sinking and machine-forming of steel and the shop 
practice involved, as it actually exists in the modern drop-forging shop. The processes 
of die-sinking and force-making, which are thoroughly described and illustrated in this 
admirable work, are rarely to oe found explained in such a dear and concise manner 
as is here set forth. The process of die-sinking relates to the engraving or sinking of 
the female or lower dies, such as are used for drop forgings, hot and cold machine 
forging, swedging and the press working of metals. The process of force-making 
relates to the engraving or raising of the male or upper dies used in producing the 
lower dies for the press-forming and machine-forging of duplicate parts of metaL 

In addition to the arts above mentioned the book contains explicit Information re- 
garding the drop forging and hardening plants, designs, conditions, equipment, drop 
hammers, forging machines, etc., machine forging, hydraulic forging, autogenous 
welding and shop practice. The book contains eleven chapters, and the information 
contained in these chapters is just what will prove most valuable to the forged-metal 
worker. All operations described in the work are thoroughly illustrated by means of 
perspective half-tones and outline sketches of the machinery employed. 300 detailed 
illustrations. Price $8.50 

DRAWING— SKETCHING PAPER 

LINEAR PERSECTIVE SELF-TAUGHT. By Hbbman T. C. Kraus. 

This work gives the theory and practice of linear perspective, as used In architectural 
engineering and mechanical drawings. Persons taking up the study of the subject 
by themselves will be able, by the use of the Instruction given, to readily grasp the 
subject, and by reasonable practice become good perspective draftsmen. The arrange- 
ment of the book is good; the plate is on the left-hand, while the descriptive text 
follows on the opposite page, so as to be readily referred to. The drawings are on 
sufficiently large scale to show the work clearly and are plainly figured. The whole 
work makes a very complete course on perspective drawing, and will be found of 
great value to architects, civil and mechanical engineers, patent attorneys, art designers, 
engravers, and draftsmen $8.50 

PRACTICAL PERSPECTIVE. By Richards and Colvin. 

Shows just how to make all kinds of mechanical drawings In the only practical per- 
spective isometric. Makes everything plain so that any mechanic can understand 
a sketch or drawing in this way. Saves time in the drawing room, and mistakes in the 
shops. Contains practical examples of various classes of work. 3rd Edition. 60 cents 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE 

DESIGN. By F. L. Sylvester, M.E., Draftsman, with additions by Erik 

Oberg, associate editor of "Machinery." 

This is a practical treatise on Mechanical Drawing and Machine Design, comprising 
the first principles of geometric and mechanical drawing, workshop mathematics, 
mechanics, strength of materials and the calculations and design of machine details. 
The author's aim has been to adapt this treatise to the requirements of the practical 
mechanic and young draftsman and to present the matter in as clear and concise a 
manner as possible. To meet the demands of this class of students, practically all the 
important elements of machine design have been dealt with, and in addition algebraic 
formulas have been explained, and the elements of trigonometry treated in the manner 
best suited to the needs of the practical man. The book is divided into 20 chapters, 
and in arranging the material, mechanical drawing, pure and simple, has been taken 
lip first, as a thorough understanding of the principles of representing objects facilitates 
the further study of mechanical subjects. This is followed by the mathematics neces- 
sary for the solution of the problems in machine design which are presented later, and 
a practical introduction to theoretical mechanics and the strength of materials. The 
various elements entering into machine design, such as cams, gears, sprocket wheels, 
cone pulleys, bolts, screws, couplings, clutches, shafting ana fly-wheels have been 
treated in such a way as to make possible the use of the work as a text-book for a 
continuous course of study. It is easily comprehended and assimilated even by 
students of limited previous training. 330 pages, 215 engravings. Price • $8.00 
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A NEW SKETCHING PAPER. 

A new specially ruled paper to enable you to make sketches or drawings In isometric 
perspective without any figuring or fussing. It is being used for shop details as well 
as for assembly drawings, as it makes one sketch do the work of three, and no workman 
can help seeing just what is wanted. Pads of 40 sheets, 6x9 inches, 26 cents. Pads 
of 40 sheets, 9x12 inches, 60 cents; 40 sheets, 12x18, Price 91.00 

ELECTRICITY 

ARITHMETIC OF ELECTRICITY. By Prof. T. O'Conor Sloanb. 

A practical treatise on electrical calculations of all kinds reduced to a series of rules, all 
of the simplest forms, and involving only ordinary arithmetic; each rule illustrated 
by one or more practical problems, with detailed solution of each one. This book Is 
* classed among the most useful works published on the science of electricity, covering 
as it does the mathematics of electricity in a manner that will attract the attention 
of those who are not familiar with algebraical formulas. 20th Edition. 160 pages. 
Price SlTOO 

COMMUTATOR CONSTRUCTION. By Wm. Baxter, Jr. 

The business end of any dynamo or motor o'f the direct current type is the commutator. 
This book goes into the designing, building, and maintenance or commutators, shows 
how to locate troubles and how to remedy them; everyone who fusses with dynamos 
needs this. 4th Edition - 86 cents 

DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A FIFTY- 
WATT DYNAMO. By Arthur J. Weed, Member of N. Y. Electrical 3ociety. 

A practical treatise showing in detail the construction of a small dynamo or motor, the 
entire machine work of which can be done on a small foot lathe. Dimensioned working- 
drawings are given for each piece of machine work, and each operation is clearly de- 
scribed. This machine, when used as a dynamo, has an output of fifty watts; when 
used as a motor it will drive a small drill press or lathe. It can be used to drive a 
sewing machine on any and all ordinary work. The book is illustrated with more 
than sixty original engravings showing the actual construction of the different parts. 
Among the contents are chapters on: 1. Fifty-Watt Dynamo. 2. Side Bearing 
Rods. 3. Field Punching. 4. Bearings. 5. Commutator. 6. Pulley. 7. Brush 
Holders. 8. Connection Board. 0. Armature Shaft. 10. Armature. 11. Armature 
Winding. 12. Field Winding. 13. Connecting and Starting. . Price, paper, 50 cento. 
Cloth $1.00 

ELECTRIC FURNACES AND THEIR INDUSTRIAL APPLICATION. By J. 

Wright. 

This is a book which will prove of interest to many classes of people: the manufacturer 
who desires to know what product can be manufactured successfully in the electric 
furnace, the chemist who wishes to post himself on the electro-chemistry, and the 
student of science who merely looks into the subject from curiosity. The book is 
not so scientific as to be of use only to the technologist nor so unscientific as to suit 
only the tyro in electro-chemistry; it is a practical treatise of what has been done, 
and of what is being done, both experimentally and commercially, with the electric 
furnace. In important processes not only are the chemical equations given, but 
complete thermal data are set forth, and both the efficiency of the furnace and the cost 
bf the product are worked out. thus giving the work a solid commercial value aside 
from its efficacy as a work of reference. The practical features of furnace building are 
given the space that the subject deserves. The forms are refractory materials used tn 
the linings, the arrangement of the connections to the electrodes, and other important de- 
. tails are explained. 288 pages. New Revised Edition. Fully illustrated. Price . $8.00 

ELECTRIC LIGHTING AND HEATING POCKET-BOOK. By Sydney F. 

Walker. 

Tills book puts in convenient form useful information regarding the apparatus which Is 
likely to be attached to the mains of an electrical company. Tables of units and equiv- 
alents are included and useful electrical laws and formulas are stated. 

One section is devoted to dynamos, motors, transformers and accessory apparatus 
another to accumulators, another to switchboards and related equipment, a fourth V 
a- description of various systems of distribution, a fifth section to a discussion of lnstru 
men is hot h for portable use and switchboards; another section deals with electric lamp 
of various types and accessory appliances, and the concluding section is given up t 
' electric heating apparatus. In each section a large number of commercial types are d€ 
scribed, frequent tables of dimensions being included. A great deal of detail informs 
tion of each lino of apparatus is given, and the illustrations shown give a good idea o. 
the general appearance of the apparat us under discussion. The book also contains much 
valuable information for the central station engineer. 4.JS pages. 300 engravings. 
Bound In leather pocket-book form. Price $3.00 

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By Newton 
Harrison. 

A thoroughly practical treatise covering thc&ubjcct of Electric Wiring in all its branches, 
including explanations and diagrams which are thoroughly explicit and greatly simplify 
the subject. Practical, every-day problems in wiring are presented and the method 
of obtaining intelligent results clearly shown. Only arithmetic is used. Ohms law 
. is given a simple explanation with reference to wiring for direct and alternating 
cdrreutft. The fundamental principle of drop of potential in circuits is shown wiili iu 
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various applications. The simple circuit is developed with the position of mains, 
feeders and branches; their treatment as a part of a wiring plan and their employ- 
ment in house wiring clearly illustrated. Some simple facts about testing are included 
In connection with the wiring. Molding and conduit work are given careful considera- 
tion; and switchboards are systematically treated, built up and illustrated, showing 
the purpose they serve, for connection with the circuits, and to shunt and compound 
wound machines. The simple principles of switchboard construction, the develop- 
ment of the switchboard, the connections of the various instruments, Including the 
lightning arrester, are also plainly set forth. 

Alternating current wiring is treated, with explanations of the power factor, conditions 
calling for various sizes of wire, and a simple way of obtaining the sizes for single-phase, 
two-phase and three-phase circuits. This is the only complete work issued showing 
and telling you what you should know about direct and alternating current wiring. It 
Is a ready reference. The work is free from advanced technicalities and mathematics, 
arithmetic being used throughout. It is In every respect a handy, well- written, 
instructive, comprehensive volume on wiring for the wfreman, foreman, contractor, 
or electrician. 272 pages; 105 Illustrations. Price 91.50 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR 

CONSTRUCTION. By Prof. T. O'Conob Sloane. 

This work treats of the making at home of electrical toys, electrical apparatus, motors, 
dynamos and instruments in general, and Is designed to bring within the reach of 

Soung and old the manufacture of genuine and useful electrical appliances. The work 
i especially designed for amateurs and young folks. 

Thousands of our young people are daily experimenting, and busily engaged in making 
electrical toys and apparatus of various kinds. The present work is just what is want- 
ed to give the much needed information in a plain, practical manner, with illustrations 
to make easy the carrying out of the work. 20th Edition, enlarged. Price . $1.00 

PRACTICAL ELECTRICITY. By Prof. T. O'Conob Sloane. 

This work of 768 pages was previously known as Sloane's Electricians* Hand Book, and 
is intended for the practical electrician who has to make things go. The entire 
field of electricity is covered within its pages. Among some of the subjects treated 
are: The Theory of the Electric Current and Circuit, Electro-Chemistry, Primary 
Batteries, Storage Batteries, Generation and Utilization of Electric Powers, Alter- 
nating Current, Armature Winding, Dynamos and Motors, Motor Generators, 
Operation of the Central Station Switchboards, Safety Appliances, Distribution 
of Electric Light and Power, Street Mains, Transformers, Arc and Incandescent 
Lighting, Electric Measurements, Photometry, Electric Railways, Telephony, Bell- 
Wiring, Electric-Plating. Electric Heating. Wireless Telegraphy, etc. It contains no 
useless theory; everything is to the point. It teaches you Just what you want to 
know about electricity. It is the standard work published on the subject. Forty- 
one chapters, 556 engravings. Price $2.50 

ELECTRICITY SIMPLIFIED. By Prof. T. O'Conob Sloane. 

The object of " Electricity Simplified " is to make the subject as plain as possible and 
to show what the modern conception of electricity is; to show how two plates of 
different metal, immersed In acid, can send a message around the globe; to explain 
how a bundle of copper wire rotated by a steam engine can be the agent in lighting 
our streets, to tell what the volt, ohm and ampere are, and what high and low tension 
mean: and to answer the questions that perpetually arise in the mind in this age of 
electricity. 13th Edition. 172 pages. Illustrated. Price $1.00 

HOUSE WIRING. By Thomas W. Poppe. 

This work describes and illustrates the actual installation of Electric light Wiring, 
the manner in which the work should be done, and the method of doing it. The book 
can be conveniently carried in the pocket. It is intended for the Electrician. Helper 
and Apprentice. It solves all Wiring Problems and contains nothing that conflicts 
with the rulings of the National Boardof Fire Underwriters. It gives just the informa- 
tion essential to the Successful Wiring of a Building. Among the subjects treated are: 
Locating the Meter. Panel Boards. Switches. Plug Receptacles. Brackets, Ceiling 
Fixtures. The Meter Connections. The Feed Wires. The Steel Armored Cable 
System. The Flexible Steel Conduit System. The Ridig Conduit System. A digest 
of the National Board of Fire Underwriters' rules relating to metallic wiring systems. 
Various switching arrangements explained and diagrammed. The easiest method of 
testing the Three- and Four- way circuits explained. The grounding of all metallic 
wiring systems and the reason for doing so shown and explained. The Insulation of 
the metal parts of lamp fixtures and the reason for the same described and illustrated. 
125 pages. Fully illustrated. Flexible cloth. Price 50 cents 

WHAT IS SAID OF THIS BOOK: 
"The information given Is exact and exhaustive without being too technical or over- 
laden with details.* —Z>ru00ts/s' Circular, 

HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof . T. O'Conob 
Sloane. 

Every young man who wishes to become a successful electrician should read this book. 
It tells in simple language the surest and easiest way to become a successful electrician. 
The studies to be followed, methods of work, field of operation and the requirements 
of the successful electrician are pointed out and fully explained. Every young en- 
gineer will find this an excellent stepping stone to more advanced works on electricity 
which he must master before success can be attained. Many young men become dis- 
couraged at the very outstart by attempting to read and study books that ace far 
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beyond their comprehension. This book serves as the connecting link between the 
rudiments taught in the public schools and the real study of electricity. It is inter- 
esting from cover to cover. Eighteenth Revised Edition, just issued. 205 pages. 
Illustrated. Price $1.0O 

MANAGEMENT OF DYNAMOS. By Lummi&-Pat£rson. 

A handbook of theory and practice. This work is arranged in three parts. The first 
part covers the elementary theory of the dynamo. The second part, the construction 
and action of the different classes of dynamo In common use, are described; while 
the third part relates to such matters as affect the practical management and working 
J of dynamos and motors. The following chapters are contained in the book: Electrical 
Units; Magnetic Principles: Theory of the Dynamo; Armature; Armature in 
Practice; Field Magnets; Field Magnets in Practice; Regulating Dynamos; Coupling 
Dynamos ; Installation, Running, and Maintenance of Dynamos ; Faults in Dynamos ; 
Faults in Armatures; Motors. 292 pages. 117 illustrations. Price . • . $1.60 

STANDARD ELECTRICAL DICTIONARY. By T. O'Conor Sloane. 

An indispensable work to all Interested in electrical science. Suitable alike for the 
student and professional. A practical handbook of reference containing definitions 
of about 6,000 distinct words, terms and phrases. The definitions are terse and 
concise and include every' term used in electrical science. Recently Issued. An en- 
tirely new edition. Should be in the possession of all who desire to keep abreast with 
the progress of this branch of science. In its arrangement and typography the book 
Is very convenient. The word or term defined is printed in black-faced type which 
readily catches the eye, while the body of the page is in smaller but distinct type. The 
definitions are well worded, and so as to be understood by the non-technical reader. 
The general plan seems to be to give an exact, concise definition, and then amplify 
and explain in a more popular way. Synonyms are also given, and references to other 
words and phrases are made. A very complete and accurate index of fifty pages is 
at the end of the volume; and as this index contains all synonyms, and as au phrases 
are indexed in every reasonable combination of words, reference to the proper place 
In the body of the book is readily made. It is difficult to. decide how far a book of 
this character Is to keep the dictionary form, and to what extent it may assume the 
encyclopedia form. For some purposes, concise, exactly worded definitions are needed ; 
for other purposes, more extended descriptions are required. This book seeks to satisfy 
both demands, and does it with considerable success. Complete, concise and con- 
venient. 682 pages. 393 illustrations. Twelfth Edition. Price .... $8.0O 

SWITCHBOARDS. By William Baxter, Jr. 

This book appeals to every engineer and electrician who wants to know the practical 
side of things. It takes up all sorts and conditions of dynamos, connections and 
circuits, and shows by diagram and illustration just how the switchboard should be 
connected. Includes direct and alternating current boards, also those for arc lighting, 
incandescent, and power circuits. Special treatment on high voltage boards for power 
transmission. 2d Edition. 190 pages. Illustrated. Price $1.50 

TELEPHONE CONSTRUCTION, INSTALLATION, WIRING, OPERATION 

AND MAINTENANCE. By W. H. Radcuffb and H. C. Cubhino. 

This book Is Intended for the amateur, the wteeman, or the engineer who desires to 
establish a means of telephonic communication between the rooms of his home, office, 
or shop. It deals only with such things as may be of use to him rather than with 
theories. 

Gives the principles of construction and operation of both the Bell and Independent 
Instruments : approved methods of installing and wiring them ; the means of protecting 
them from lightning and abnormal currents; their connection together for operation 
as series or bridging stations; and rules for their Inspection and maintenance. Line 
wiring and the wiring and operation of special telephone systems are also treated. 

Intricate mathematics are avoided, and all apparatus, circuits and systems are thor- 
oughly described. The appendix contains definitions of units and terms used in the 
text. Selected wiring tables, which are very helpful, are also Included. Among the 
subjects treated are Construction, Operation, and Installation of Telephone Instru- 
ments; Inspection and Maintenance of Telephone Instruments; Telephone Line 
Whins;; Testing Telephone Line Wires and Cables; Wiring and Operation of Special 
Telephone Systems, etc. Second Edition, enlarged and revised. 200 pages. ISO illus- 
trations. Price $1.00 

WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED. By 
Alfred P. Morgan. 

This Is undoubtedly one of the most complete and comprehensible treatises on the 
subject ever published, and a close study of its pages will enable one to master all the 
details of the wireless transmission of messages. The author has filled a long-felt 
want and has succeeded In furnishing a lucid, comprehensible explanation In simple 
language of the theory and practice of wireless telegraphy and telephony. 
Among the contents are: Introductory; Wireless Transmission and Reception — The 
Aerial System. Earth Connections — The Transmitting Apparatus. Spark Colls and 
Transformers. Condensers, Helixes, Spark Gaps, Anchor Gaps, Aerial Switches — The 
Receiving Apparatus, Detectors, etc. — Tuning and Coupling, Tuning Coils, Loose 
Couplers. Variable Condensers, Directive Wave Systems — Miscellaneous Apparatus. 
Telephone Receivers, Range of Stations, Static Interference— Wireless Telephones. 
Sound and Sound Waves, The Vocal Chords and Ear — Wireless Telephone, How Sounds 
Are Changed into Electric Waves — Wireless Telephones. The Apparatus — Summary. 

154 pages. 150 engrav ngs. P-'ee $1.00 

WHAT IS SAID OF THIS BOOK: 
SThis book should be In both the home and school library." — The Youth? Instructor*. 
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WIRING A HOUSE. By Herbert Pratt. 

Shows a house already built; tells just how to start about wiring it; where to begin; 
what wire to use ; how to run it according to Insurance Rules; in fact, just the informa- 
tion you need. Directions apply equally to a shop. Fourth edition. . . 35 cents 

FACTORY MANAGEMENT, ETC. 

MODERN MACHINE SHOP CONSTRUCTION, EQUIPMENT AND MANAGE- 
MENT. By 0. E. Perrigo, M.E. 

The only work published that describes the modern machine shop or manufacturing 
plant from the time the grass is growing on the site intended for it until the finished 
product is shipped. By a careful study of its thirty-two chapters the practical man 
may economically build, efficiently equip, and successfully manage the modern machine 
■hop or manufacturing establishment. Just the book needed by those contemplating 
the erection of modern shop buildings, the rebuilding and reorganization of old ones, 
or the introduction of modern shop methods, time and cost systems. It is a book 
written and illustrated by a practical shop man for practical shop men who are too 
busy to read theories and want facts. It is the most complete all around book of its 
kind ever published. It is a practical book for practical men, from the apprentice in 
the shop to the president in the office. It minutely describes and illustrates the most 
simple and yet the most efficient time and cost system yet devised. Price < $6.00 

FUEL 



COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. M. 

Barr. 

This book has been prepared with special reference to the generation of heat by the 
combustion of the common fuels found in the United States, and deals particularly 
with the conditions necessary to the economic and smokeless combustion ofbitumlnoua 
coals in Stationary and Locomotive Steam Boilers. 

The presentation of this Important subject Is systematic and progressive. The ar- 
rangement of the book is in a series of practical questions to which are appended 
accurate answers, which describe in language, free from technicalities,* the several 
processes involved in the furnace combustion of American fuels; It clearly states the 
essential requisites for perfect combustion, and points out the best methods for furnace 
construction for obtaining the greatest quantity of heat from any given quality of 
coal. Nearly 360 pages, fully illustrated. Price $1.00 

SMOKE PREVENTION AND FUEL ECONOMY. By Booth and Kershaw. 

A complete treatise for all interested in smoke prevention and combustion, being 
based on the German work of Ernst Schmatolla, but it is more than a mere transla- 
tion of the German treatise, much being added. The authors show as briefly as 
possible the principles of fuel combustion, the methods which have been and are at 

E resent in use. as well as the proper scientific methods for obtaining all the energy 
l the coal and burning it without smoke. Considerable space is also given to the 
examination of the waste gases, and several of the representative English and Amer- 
ican mechanical stoker and similar appliances are described. The losses carried away 
In the waste gases are thoroughly analyzed and discussed in the Appendix, and ab- 
stracts are also here given of various patents on combustion apparatus. The book 
Is complete and contains much of value to all who have charge of large plants. 194 
pages. Illustrated. Price $8.60 

GAS ENGINES AND GAS 

THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR AND 

USES. By Xeno W. Putnam. 

This is a practical treatise on the Gasoline and Kerosene Engine intended for the man 
who wants to know just how to manage his engine and how to apply it to all Idnds of 
farm work to the best advantage. 

This book abounds with hints and helps for the farm and suggestions for the home 
and housewife. There is so much of value in this book, that it is Impossible to ade- 
quately describe it in such small space. Suffice to say that it is the kind of a book 
every farmer will appreciate and every farm home ought to have. Includes selecting 
the most suitable engine for farm work, its most convenient and efficient installation, 
with chapters on troubles, their remedies, and how to avoid them. The care and 
management of the farm tractor in plowing, harrowing, harvesting and road grading 
are fully covered ; also plain directions are given for handling the tractor on the road. 
Speciafattention is given to relieving farm life of its drudgery by applying power to 
the disagreeable small tasks which must otherwise be done by hand. Many home- 
made contrivances for cutting wood, supplying kitchen, garden, and barn with water, 
loading, hauling and unloading hay, delivering grain to the bins or the feed trough 
are included; also full directions for making the engine milk the cows, churn, wash, 
sweep the house and clean the windows, etc. Very fully illustrated with drawings of 
working parts and cuts showing Stationary. Portable and Tractor Engines doing all 
kinds of farm work. All money-making farms utilize power. Learn now to utilize 
power by reading the pages of this book. It is an aid to the result getter, invaluable 
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to the up-to-date farmer, student, blacksmith, implement dealer and, in fact, all who 
can apply practical knowledge of stationary gasoline engines or gas tractors to ad van* 
tage. 530 pages. Nearly 180 engravings. Price $2.00 

WHAT IS SAID OP THIS BOOK: 

"Am much pleased with the book and find it to be very complete and up-to-date. 
I will heartily recommend it to students and farmers whom I think would stand in 

?eed of such a work, as I think it is an exceptionally good one." — N. S. Gardiner, 
tof. in Charge, Clemson Agr. College of S. C. ; Dept. of Agri. and Agri. Exp. Station, 
Clemson College, S. C. 

" I feel that Mr. Putnam's book covers the main points which a farmer should know." 
— R. T. Burdick, Instructor in Agronomy, University of Vermont, Burlington, Vt. 

"It will be a valuable addition to our library upon Farm Machinery." — James A* 
Farra, Inst, in Agri. Engineering, State University of Ky., Lexington, Ky.* 

GASOLINE ENGINES: THEIR OPERATION, USE AND CARE. By A. Hyatt 
Verrill. 

The simplest, latest and most comprehensive popular work published on Gasoline 
Engines, describing what the Gasoline Engine is; its construction and operation; how 
to install it; how to select it; how to use It and how to remedy troubles encountered. 
Intended for Owners. Operators and Users of Gasoline Motors of all kinds. This 
work fully describes and illustrates the various types of Gasoline Engines used in 
Motor Boats, Motor Vehicles and Stationary Work. The parts, accessories and 
appliances are described, with chapters on ignition, fuel, lubrication, operation and 
engine troubles. Special attention Is given to the care, operation and repair of motors, 
with useful hints and suggestions on emergency repairs and makeshifts. A complete 
glossary of technical terms and an alphabetically arranged table of troubles and their 
symptoms form most valuable and unique features of this manual. Nearly every 
illustration in the book is original, having been made by the author. Every page is 
full of Interest and value. A book which you cannot afford to be without. 275 pages. 
152 specially made engravings. {See pane 16 for full description.) Price • . 91.60 

GAS, GASOLINE AND OIL ENGINES. By Gardner D. Hiscox. Revised 
By Victor W. Pac;e. 

Just issued, 1915 revised and enlarged edition. Every user of a gus engine 
needs this book. Simple, instructive and right up to date. The only complete 
work on the subject. Tells all about internal combustion engineering, treating 
exhaustively on the design, construction and practical application of all forma 
of gas, gasoline, kerosene, and crude petroleum-oil engines. Describes minutely 
all auxiliary systems, such as lubrication, carburetlon and ignition. Considers 
the theory and management of all forms of explosive motors for stationary and 
marliic work, automobiles, aeroplanes and motor-cycles. Includes also Producer 
<ias and Its Production. Invaluable instructions for all students, gus-engine 
owners, gas-engineers, patent experts, designers, mechanics, draftsmen, and all 
having to do with the modern power. Illustrated by over 400 engravings, many 
specially made from engineering drawings, all in correct proportion. 050 pages, 
435 engravings. Price, Net $2.50 

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE- 
POWER GAS ENGINE. By Parsell and Weed. 

A practical treatise of 300 pages describing the theory and principles of the action of 
Gas Engines of various types and the design and construction of a half-horse power 
Gas Engine, with illustrations of the work in actual progress, together with the dimen- 
sioned working drawings, giving clearly the sizes of the various details ; for the student 
the scientific investigator, and the amateur mechanic. This book treats of the subject 
more from the standpoint of practice than that of theory. The principles of operation 
of Gas Engines are clearly and simply described, and then the actual construction of a 
half-horse power engine is taken up. step by step, showing in detail the making of the 
Gas Engine. 3d Edition. 300 pages. Price $2.60 

MODERN GAS ENGINES AND PRODUCER GAS PLANTS. By R. E. Mathot. 

A guide for the gas engine designer, user, and engineer in the construction, selection, 
purchase, installation, operation, and maintenance of gas engines. More than one 
book on gas engines has been written, but not one has thus far even encroached on tho 
field covered by this book. Above all Mr. Mathot's work is a practical guide Recog- 
nizing the need of a volume that would assist the gas engine user in understanding 
thoroughly the motor upon which he depends for power, the author has discussed his 
subject without the help of any mathematics and without elaborate theoretical ex- 
planations. Every part of the gas engine is described in detail, terselv. clearly, with 
a thorough understanding of the requirements of the mechanic. HelpYul suggest ioni 
as to the purchase of an engine, its installation, care, and operation, form a most 
valuable feature of the work. 320 pages. 175 detailed illustrations. Price . $2.50 

THE MODERN GAS TRACTOR. By Victor W. Page. 

A complete treatise describing all types and sizes of gasoline, kerosene and oil tractors. 
Considers design and construction exhaustively, gives complete inductions fj? care 
SEES 1 Sft ^ P ? ir * °" t,,ne f a » Practical applications on the road and in the Held' 
Tne best and latest work on farm tractors and tractor power plants. A work neSed 
by farmers, students, blacksmiths, mechanics, salesmen implement dealers desiraera 
and engineers. 500 pages. Nearly 300 illustrations and folding plates. Pri°e*2 00 
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JUST PUBLISHED 

GASOLINE ENGINES 

Their Operation, Use and Care. 

By A. HYATT VERRILL, 

The Simplest, Latest ind Host ComprehensiTe 
Popular work published on Gasoline Engines 
oimbxT) packs, ids monunom. 

price, si.eo 

This book describes what the Ouollno Engine Is ; It* construction ami 
operation; how to I natal! It; how to select It; how to use It and bow to 
remedy troubles encountered. Intended for Owners, Operator and Users 
of OasoJlae Motors of all kinds. 

A complete glossary of technical terms and an alphabetically arranged 
table of troubles and their symptoms form most valuable and unique features 
of this manual. Nearly every illustration in the book is original, having been 
made by the author. Every page is full of interest and value. A book which 
you cannot afford to be without. 

CONTAINS SPECIAL CHAPTBR3 _ 0N 

Types of Mota n Operation of Twojycle Motor— Operation of Four-cycle Motor— Virioca 
Designs, Makes and Forms of Two-cycle Motor*— Three-part Moton — Combination and Ftmr- 

Krt Motors— Open-bate and Distributor- valve Motors— Multiple-cycllnder Two-cycle Moton — 
rioua Forms, Design*, and Variation! of Four-cycle Motor*— Valve* and their Operation 
—Valve Mechanisms and Motion*— Automatic and Mechanically operated Valves— Sleeve-valve 
and Rotary-valve Motor* — Opposed-cylinder and Offset-crank Motors, Freak Motors, and 
Horizontal Motor*— Parts of Two-cycle Motors— Parts of Four-cycle Motor*— Design and 
Construction of Motor Part*— Cylinders, pistons, Crank-cases, Rings, Pins, Jackets, Shafts, 
Connecting-rods. Besting*. Cams and Gears— Cooling Methods — Wster and Air-cooled Systems 
—Motor Accessories— Vaporiser* snd Carburetors— Pumps, Fans and Water Circulation— 
Lubrication— Gravity and Force-feed oiler. Grease Cups and Oiling Methods— Principle* or 
Electrical Ignition — Dynsmos and Magnetos— High snd I^ow-tension Magnetos-* The Wica 
Igniter— Spark Coils — Spsrk Plugs — Vibrators— Timers The Delco System— Make-and-breat 
Ignition— Igniters— Operation of Igniters — Companion of Makc-and-brcak and Jump Spark- 
Altering Make-and break to Jump Spark— Mufflers and Eshsust Devices — Govern on Fuel 
and Fuel Consumption— Oils snd Greases — I nstallstion— Piping and Wiring— Gasket* and 
Packings— Adjustment*— General Care of Motors— Table of Motor Troubles with Causes and 
Remedies— Tools -Emergency Repairs end Makeshifts— Grinding Comp ounds, Polishes. 

Misture^-Gloasary of Alphabetically Arranged Technical Terms with Explanations— Heat 
Value* of. Fuels— Size and Capacity of Tanks— Iron Pipe Table— D. S. standard Screw 
Threads— Cap-Screw Sixes— Drills for Screw Holes— Surface an! Volume Tables. 

MOTORCTCIfsfsiDECMSand CYCLECARS 

Their Construction, Management and Repair 
,Ete. 

Contain* over 350 Illustrations showing the most valuable aerie* of drawings per- 

taining to motorcycle design and construction ever published. 
550 PAGES PRICE 91. OO 

The material contained within the pages of this book is of apractieal nature 
that van easily bo assimilated and understood by anyone. The instruction* 
given for control, maintenance and repair will be valuable for the novice 
rider, while the discussions of mechanical principles will undoubtedly appeal to 
the more experienced riders, dealers and others in the trade. 
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GEARING AND CAMS 

BEVEL GEAR TABLES. By D. Ag. Engstrom. 

A book that will at once commend itself to mechanics and draftsmen. Does away 
with all the trigonometry and fancy figuring on bevel gears, and makes it easy for any- 
one to lay them out or make them Just right. There are 3d full-page tables that 
show every necessary dimension for all sizes or combinations you're apt to need. No 
puzzling, figuring or guessing. Oives placing distance, all the angles (including 
cutting angles), and the correct cutter to use. A copy of this prepares you for any* 
thing In the bevel-gear line. 3d Edition. 66 pages. $1.00 

CHANGE GEAR DEVICES. By Oscar E. Perrigo. 

A practical book for every designer, draftsman, and mechanic Interested In the inven- 
tion and development of the devices for feed changes on the different machines requir- 
ing such mechanism. All the necessary information on this subject is taken up, analyzed, 
classified, sifted, and concentrated for the use of busy men who have not the time to 
go through the masses of Irrelevant matter with which such a subject Is usually 
encumbered and select suchlinformation as will be useful to them. 

It shows Just what has been done, how it has been done, when it was done, and who 
did it. It saves time In hunting up patent records and re-inventing old ideas. 88 
pages $1.00 

DRAFTING OF CAMS. By Louis Routllion. 

The laying out of cams Is a serious problem unless you know how to go at It right. 
This puts you on the right road for practically any kind of cam you are likely to run 
up against. 3d Edition. • 26 ©eats 

HYDRAULICS 

HYDRAULIC ENGINEERING. By Gardner D. Hiscox. 

A treatise on the properties, power, and resources of water for all purposes. Including 
the measurement of streams, the flow of water In pipes or conduits, the horse-power 
of falling water, turbine and Impact water-wheels, wave motors, centrifugal, recipro- 
cating, and air-lift pumps. With 300 figures and diagrams and 36 practical tables. 

All who are Interested In water-works development will find this book a useful one. 
because It is an entirely practical treatise upon a subject of present importance, and 
cannot fail in having a far-reaching influence, and for this reason should have a place 
in the working library of every engineer. Among the subjects treated are: Historical 
Hydraulics, Properties of water. Measurement of the Flow of Streams: Flow 
from Sub-surface Orifices and Nozzles; Flow of Water in Pipes: Siphons of various 
Kinds: Dams and Great Storage Reservoirs; City and Town water Supply; Wells 
and Their Reinforcement; Air Lift Methods of Raising Water; Artesian Wells; 
Irrigation of Arid Districts; Water Power; Water Wheels; Pumps and Pumping 
Machinery; Reciprocating Pumps; Hydraulic Power Transmission; Hydraulic 
Mining; Canals; Ditches; Conduits and Pipe Lines; Marine Hydraulics; Tidal and 
Sea wave Power, etc. 320 pages. Price 94.00 

ICE AND REFRIGERATION 

POCKET-BOOK OF REFRIGERATION AND ICE MAKING. By A. J. Wallis- 

Tatlor. 

This Is one of the latest and most comprehensive reference books published on the 
subject of refrigeration and cold storage. It explains the properties and refrigerating 
effect of the different fluids in use. the management of refrigerating machinery, and the 
construction and Insulation of cold rooms wi*h their required pipe surface for different 
degrees of cold ; freezing mixtures and non-freezing brines, temperatures of cold rooms 
for all kinds of provisions, cold-storage charges for all classes of goods. Ice making and 
storage of ice, data and memoranda for constant reference by refrigerating engineers, 
with nearly one hundred tables containing valuable references to every fact and con- 
dition required in the installment and operation of a refrigerating plant. Illustrated. 
(5th Edition, revised.) Price $1.50 

INVENTIONS— PATENTS 

INVENTORS' MANUAL, HOW TO MAKE A PATENT PAT. 

This is a book designed as a guide to inventors in perfecting their Inventions, taking 
cut their patents and disposing of them. It is not in any sense a Patent Solicitor's 
Circular nor a Patent Broker's Advertisement. No advertisements of any description 
appear in the work. It is a book containing a quarter of a century's experience of a 
successful inventor, together with notes based upon the experience of many other 
inventors. 

Among the subjects treated In this work are: How to Invent. How to Secure * 
<>ood Patent, value of Good Invention. How to Exhibit an Invention. How to 
Interest Capital. How to Estimate the Value of a Patent. Value of Design Patents. 
Value of Foreign Patents. Value of Small Inventions. Advice on Selling Patents. 
Advice on the Formation of Stock Companies. Advice on the Formation of Limited 
Liability Companies. Advice on Disposing of Old Patents. Advice as to Patent 
Attorneys. Advice as to Selling Agents. Forms of Assignments. License and Con- 
tracts. State Laws Concerning Patent Rights. 1900 Census of the United States by 
Counts of Over 10,000 Population. Revised edition. 120 pages. Price . . $1.00) 
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KNOTS 

KNOTS, SPLICES AND ROPE WORK. By A. Hyatt Verrill. 

This la a practical book giving complete and simple directions for making all the most 
useful and ornamental knots in common use, with chapters on Splicing, Pointing, 
Seizing. Serving, etc. This book is fully illustrated with one hundred and fifty 
original engravings, which show how each knot, tie or splice is formed, and its appear- 
ance when finished. The book will be found of the greatest value to Campers, Yachts- 
men, Travelers, Boy Scouts, in fact, to anyone having occasion to use or handle rope 
or knots for any purpose. The book is thoroughly reDable and practical, and is not 
only a guide but a teacher. It is the standard work on the subject. Among the 
contents are: 1. Cordage, Kinds of Rope. Construction of Rope, Parts of Rope 
Cable and Bolt Rope. Strength of Rope, Weight of Rope. 2. Simple Knots and 
Bends. Terms Used in Handling Rope. Seizing Rope. 3. Ties and Hitches. 4. 
Noose, Loops and Mooring Knots. 5. Shortenings, Grommets and Salvages. 6. 
Lashings, Seizings and Splices. 7. Fancy Knots and Rope Work. 128 pages. 150 
original engravings. Price • .... 60 eem&% 

LATHE WORK 



LATHE DESIGN, CONSTRUCTION AND OPERATION, WITH PRACTICAL 

EXAMPLES OF LATHE WORK. By Oscar E. Perrigo. 

A new revised edition, and the only complete American work on the subject, 
written by a man who knows not only how work ought to be done, but who also 
knowB how to do it, and how to convey tbis knowledge to others. It is strictly 
up-to-date in its descriptions and illustrations. Latbe history and the relations 
of the lathe to manufacturing are given ; also a description of the various devices 
for feeds and thread cutting mechanisms from early efforts in this direction to 
the present time. JLathe design is thoroughly discussed, including back gearing, 
driving cones, thread-cutting gears, and all toe essential elements of the modern 
latbe. The classification of lathes is taken up, giving the essential differences of 
the several types of lathes, including, as Is usually understood, engine lathes, 
bench lathes, speed lathes, forge lathes, gap lathes, pulley lathes, forming lathes, 
multiple-spindle lathes, rapid-reduction lathes, precision lathes, turret lathes, 
special lathes, electrically-driven lathes, etc. In addition to the complete exposi- 
tion on construction and design, much practical matter on lathe installation, 
care and operation has been incorporated in the enlarged 1915 edition. All 
kinds of lathe attachments for drilling, milling, etc., are described and complete 
instructions are given to enable the novice machinist to grasp the art of lathe 
operation as well :is the principles involved in design. A number of difficult 
machining operations are described at length and illustrated. The new edition 
has nearly 500 pages and 350 illustrations. Price $2.50 

RA C TIC AL" METAL TURNING. By Joseph G. Horner. 

This important and practical subject is treated in a full and exhaustive manner, and 
nothing of importance is omitted. The principles and practice and all the different 
branches of Turning are considered and well illustrated. All the different kinds of 
Chucks of usual forms, as well as some unusual kinds, are shown. A feature of the 
book is the important section devoted to modern Turret practice; Boring is another 
subject which is treated fully; and the chapter on Tool Holders illustrates a large 
number of representative types. Thread Cutting is treated at reasonable length; 
and the last chapter contains a good deal of information relating to the High-Speed 
Steels and their work. The numerous tools used by machinists are illustrated, and 
also the adjuncts of the lathe. In fact, the entire subject is treated in such a thorough 
manner as to make this book the standard one on the subject. It is indispensable 
to the manager, engineer, and machinist as well as to the student, amateur, and 
experimental man who desires to keep up-to-date. ,400 pages, fully illustrated. 
Price $3.50 

1URNING AND BORING TAPERS. By Fred H. Colvin. 

There are two ways to turn tapers; the right way and one other. This treatise has 
to do with the right way; it tells you how to start the work properly, how to set the 
lathe, what tools to use and how to use them, and forty and one other little things 
that you should know. Fourth edition . 25 cents 

LIQUID AIR 

LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O'Conor Sloanb. 

This book gives the history of the theory, discovery, and manufacture of Liquid Air, 
and contains an illustrated description of all the experiments that have excited the 
wonder of audiences all over the country. It shows how liquid air. like water, is 
carried hundreds of miles and is handled in open buckets. It tells what may be ex- 
pected from it in the near future. 

A book that renders simple one of the most perplexing chemical problems of the 
century. Startling developments illustrated by actual experiments. 

It is not only a work of scientific interest and authority, but is intended fpr the general 
reader, being written in a popular style — easily understood by every one. Second 
edition. 365 pages. Price 32.00 
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LOCOMOTIVE ENGINEERING 

AIR-BRAKE CATECHISM. By Robert H. Blackall. 

This book is a standard text book. 1 1 covers the Westinghouse Air-Brake Equipment,, 
including the No. 5 and the No. 6 E. T. Locomotive Brake Equipment ; the K (Quick- 
Service) Triple Valve for Freight Service; and the Cross-Compound Pump. The- 
operation of all parts of the apparatus is explained in detail, and a practical way of 
finding their peculiarities and defects, with a proper remedy, is given. It contains 
2,000 questions with their answers, which will enable any railroad man to pass any 
examination on the subject of Air Brakes. Endorsed and used by air-brake instruct- 
ors and examiners on nearly every railroad in the United States. 25th Edition. 350* 
pages, fully illustrated with colored plates and diagrams $2.00 

AMERICAN COMPOUND LOCOMOTIVES. By Fred. H. Colvin. 

The only book on compounds for the engineman or shopman that shows In a plain, 
practical way the various features of compound locomotives in use. Shows how they 
are made, what to do when they break down or balk. Contains sections as follows: — 
A Bit of History. Theory of Compounding Steam Cylinders. Baldwin Two-Cylinder 
Compound. Pittsburg Two-Cylinder Compound. Rhode Island Compound. Rich- 
mond Compound, Rogers Compound. Schenectady Two-Cylinder Compound, 
Vauclain Compound. Tandem Compounds. Baldwin Tandem. The Colvin- wight- 
man Tandem. Schenectady Tandem. Balanced Locomotives. Baldwin Balanced 
Compound. Plans for Balancing. Locating Blows. Break-downs. Reducing Valves. 
Drifting. Valve Motion. Disconnecting. Power of Compound Locomotives. Practi- 
cal Notes. 

Fully illustrated and containing ten special " Duo tone" inserts on heavy Plate Paper, 
showing different types of Compounds. 142 pages. Price $1.00> 

APPLICATION OF HIGHLY SUPERHEATED STEAM TO LOCOMOTIVES. 
By Robert Garbe. 

A practical book which cannot be recommended too highly to those motive-power men 
who are anxious to maintain the highest efficiency in their locomotives. Contains 
special chapters on Generation of Highly Superheated Steam; Superheated Steam 
and the Two-Cylinder Simple Engine; Compounding and Superheating; Designs of 
Locomotive Superheaters; Constructive Details of Locomotives using Highly Super- 
heated Steam. Experimental and Working Results. Illustrated with folding plates: 
and tables. Price $2.50 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By Wm. 

M. Barr. 

This book has been prepared with special reference to the generation of heat by the- 
combustion of the common fuels found in the United States, and deals particularly 
with the conditions necessary to the economic and smokeless combustion or bituminous 
coal in Stationary and Locomotive Steam Boilers. 

The presentation of this Important subject is systematic and progressive. The- 
arrangement of the book is in a series of practical questions to which are appended 
accurate answers, which describe in language free from technicalities the several 
processes involved In the furnace combustion of American fuels; it clearly states the 
essential requisites for perfect combustion, and points out the best methods of furnace 
construction for obtaining the greatest quantity of heat from any given quality of 
coal. Nearly 350 pages, fully illustrated. Price $1.00 

DIARY OF A ROUND-HOUSE FOREMAN. By T. S. Reillt. 

This is the greatest book of railroad experiences ever published. Containing a fund of 
information and suggestions along the line of handling men, organizing, etc.. that one 
cannot afford to miss. 176 pages. Price $1.00 

LINK MOTIONS, VALVES AND VALVE SETTING. By Fred H. Colvin, Asso- 
ciate Editor of American Machinist. 

A handy book for the engineer or machinist that clears up the mysteries of valve- 
setting. • Shows the different valve gears in use, how they work, and why. Piston 
and slide valves of different types are illustrated and explained. A book that every 
railroad man in the motive power department ought to have. Contains chapters on 
Locomotive Link Motion, Valve Movements, Setting Slide Valves. Analysis by 
Diagrams, Modern Practice, Slip of Block. Slide Valves. Piston Valves. Setting Piston 
Valves. Joy-Allen Valve Gear, Walschaert Valve Gear, Gooch Valve Gear. Alfree- 
Hubbell Valve Gear, etc.. etc. Fully illustrated. Price 50 cents 

LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Kleinhaxs. 

The construction of boilers in general is treated, and, following this, the locomotive 
boiler is taken up in the order in which its various parts go through the shop. Shows 
all types of boilers used; gives details of construction; practical facts, such as life of 
riveting, punches and dies; work done per day, allowance for bending and flanging 
sheets, and other data. Including the recent Locomotive Boiler Inspection Laws 
and Examination Questions with their answers for Government Inspectors. Contains 
chapters on Laying Out Work: Flanging and Forging; Punching; Shearing. Plate 
Planing; General Tables; Finishing Parts; Bending; Machinery Parts: Riveting; 
Boiler Details; Smoke Box Details; Assembling and Calking; Boiler Shop* 
Machinery, etc., etc. 
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There isn't a man who has anything to do with boiler work, either new or repair work, 
who doesn't need this book. The manufacturer, superintendent, foreman, and boiler 
worker — all need it. No matter what the type of boiler, you'll find a mint of informa- 
tion that you wouldn't be without. Over 400 pages, five large folding plates. 
Price 33.00 

LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. L. Fowler. 

Revised by Wm. W. Wood, Airbrake Instructor. Just issued. Revised 

pocket edition. 

It is out of the question to try and tell you about every subject that is covered in this 
pocket edition of Locomotive Breakdowns. Just imagine all the common troubles 
that an engineer may expect to happen some time, and then add all of the unexpected 
ones, troubles that could occur, but that you had never thought about, and you will 
find that they are all treated with the very best methods of repair. Walschaert 
Locomotive Valve Gear Troubles, Electric Headlight Troubles, as well as Questions 
and Answers on the Air Brake are all included. 294 pages. 7th Revised Edition. 
Fully illustrated S1.0O 

XOCOMOTTVE CATECHISM. By Robert Grimshaw. 

The revised edition of " Locomotive Catechism," by Robert Grimshaw, is a New Book 
from Cover to Cover. It contains twice as many pages and double the number of 
illustrations of previous editions. Includes the greatest amount of practical informa- 
tion ever published on the construction and management of modern locomotives. 
Specially Prepared Chapters on the Walschaert Locomotive Valve Gear, the Air- 
Brake Equipment and the Electric Head Light are given. 

It commends itself at once to every Engineer and Fireman, and to all who are going in 
for examination or promotion. In plain language, with full, complete answers, not only- 
all the questions asked by the examining engineer are given, but those which the) 
young and less experienced would ask the veteran, and which old hands ask as "stick- 
ers." It is a veritable Encyclopedia of the Locomotive, is entirely free from mathe- 
matics, easily understood and thoroughly up-to-date. Contains over 4.000 Examina- 
tion Questions with their Answers. 825 pages, 437 illustrations and three folding plates. 
28th Revised Edition $2.60 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTIVE 

FIREMEN AND ENGINEERS. By Chas. F. Lockhart. 

An entirely new book on the Locomotive. It appeals to every railroad man. as it 
tells him how things are done and the right way to do them. Written by a man who 
has had years of practical experience in locomotive shops and on the road firing and 
running. The information given in this book cannot be found in any other similar 
treatise. Eight hundred and fifty-one questions with their answers are included, 
which will prove specially helpful to those preparing for examination. Practical 
information on: The Construction and Operation of Locomotives: Breakdowns and 
their Remedies; Air Brakes and Valve Gears. Rules and Signals are handled in a 
thorough manner. As a book of reference it cannot be excelled. The book is divided 
into six parts, as follows: 1. The Fireman's Duties. 2. General description of the 
Locomotive. 3. Breakdowns and their Remedies. 4. Air Brakes. 6. Extracts 
from Standard Rules. 6. Questions for Examination. The 851 questions have been 
carefully selected and arranged. These cover the examinations required by the 
different railroads. 368 pages. 88 illustrations. Price $1.50 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING. 

By George Bradshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not 
theories, and showing the men in the ranks, from every -day experience, how accidents 
occur and how they may be avoided. The book is illustrated with seventy original 
photographs and drawings showing the safe and unsafe methods of work. No vision* 
ary schemes, no ideal pictures. Just plain facts and Practical Suggestions are given. 
Every railroad employee who reads the book is a better and safer man to have in 
railroad service. It gives just the information which will be the means of preventing 
many injuries and deaths. All railroad employees should procure a copy; read it, 
and do your part in preventing accidents. 169 pages. Pocket size. Fully illustrated. 
Price 50 cento 

TRAIN RULE EXAMINATIONS MADE EASY. By G. E. Collingwood. 

This is the only practical work on train rules in print. Every detail is covered, and 
puzzling points are explained in simple, comprehensive language, making it a practical 
treatise for the Train Dispatcher, Engineman, Trainman, and all others who have to 
do with the movements of trains. Contains complete and reliable information of the 
Standard Code of Train Rules for single track. Shows Signals in Colors, as used on 
the different roads. Explains fully the practical application of train orders, giving a 
clear and definite understanding of all orders which may be used. The meaning and 
necessity for certain rules are explained in such a manner that the student may know 
beyond a doubt the rights conferred under any orders he may receive or the action 
required by certain rules. As nearly all roads require trainmen to pass regular examina- 
tions, a complete set of examination questions, with their answers, are included. These 
will enable the student to pass the required examinations with credit to himself and 
the road for which he works. 256 pages. Fully illustrated with Train Signals in 
Colors. Price 91.25 

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR 

LOCOMOTIVES. By Wm. W. Wood. 

If you would thoroughly understand the Walschaert Valve Gear you should possess a 
copy of this book, as the author takes the plainest form of a steam engine — a stationary 
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engine in the rough, that will only turn Its crank in one direction — and from it builds 
up — with the reader's help — a modern locomotive equipped with the Walschaert 
Valve Gear, complete. The points discussed are clearly illustrated; two large folding 
plates that show the positions of the valves of both inside or outside admission type, as 
• well as the links and other parts of the gear when the crank is at nine different points 
in its revolution, are especially valuable in making the movement clear. These employ 
sliding cardboard models which are contained in a pocket in the cover. 

The book Is divided into five general divisions, as follows: 1. Analysis of the gear. 
2. Designing and erecting the gear. 3. Advantages of the gear. 4. Questions and 
answers relating to the walschaert Valve Gear. 6. Setting valves with the Wal- 
schaert Valve Gear; the three primary types of locomotives valve motion; modern 
radial valve gears other than the Walschaert; tne Hobart All-free Valve and Valve 
Gear, with questions and answers on breakdowns; the Baker-Pilliod Valve Gear: the 
Improved Baker-Pilliod Valve Gear, with questions and answers on breakdowns. 

The questions with full answers given will be especially valuable to firemen and engi- 
neers in preparing for an examination for promotion. 245 pages. Third Revised 
Edition. Price $1.60 

WESTINGHOUSE E-T AIR-BRAKE INSTRUCTION POCKET BOOK. By 

Wm. W. Wood, Air-Brake Instructor. 

Here is a book for the railroad man, and the man who aims to be one. It is without 
doubt the only complete work published on the Westinghouse E-T Locomotive Brake 
Equipment. Written by an Air Brake Instructor who knows just what is needed. It 
covers the subject thoroughly. Everything about the New Westinghouse Engine and 
Tender Brake Equipment, Including the Standard No. 5 and the Perfected No. 6 
style of brake, is treated in detail. Written in plain English and profusely illustrated 
with Colored Plates, which enable one to trace the flow of pressures throughout the 
entire equipment. The best book ever published on the Air Brake. Equally good for 
the beginner and the advanced engineer. Will pass any one through any examination. 
It informs and enlightens you on every point. Indispensable to every engineman and 
trainman. 

* 

Contains examination questions and answers on the E-T equipment. Covering what 
the E-T Brake is. How it should be operated. What to do when defective. Not a 
question can be asked of the engineman up for promotion, on either the No. 5 or the 
No. 6 E-T equipment, that is not asked and answered in the book. If you want to 
thoroughly understand the E-T equipment get a copy of this book. It covers every 
detail. Makes Air Brake troubles and examinations easy. Price .... $1.60 

MACHINE-SHOP PRACTICE 



AMERICAN TOOL MAKING AND INTERCHANGEABLE MANUFACTURING. 

By J. V. Woodworth. 

A " shoppy" book, containing no theorizing, no problematical or experimental devices. 
there are no badly proportioned and impossible diagrams, no catalogue cuts, but a 
valuable collection of drawings and descriptions of devices, the rich fruits of the author's 
own experience. In its 600-odd pages the one subject only. Tool Making, and what- 
ever relates thereto, is dealt with. The work stands without a rival. It ft a complete 
practical treatise on the art of American Tool Making and system of interchangeable 
manufacturing as carried on to-day in the United States. In it are described and 
illustrated all of the different types and classes of small tools, fixtures, devices, and 
special appliances which are in general use in all machine-manufacturing and metal- 
working establishments where economy, capacity, and interchangeability in the pro- 
duction of machined metal parts are imperative. The science of Jig making is exhaust- 
ively discussed, and particular attention is paid to drill jigs, boring, profiling and milling 
fixtures and other devices in which the parts to be machined are located and fastened 
within the contrivances. All of the tools, fixtures, and devices illustrated and de- 
scribed have been or are used for the actual production of work, such as parts of drill 
presses, lathes, patented machinery, typewriters, electrical apparatus, mechanical ap- 
pliances, brass goods, composition parts, mould products, sheet metal articles, drop 
forgings, jewelry, watches, medals, coins, etc. 631 pages. Price .... $4.00 

HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED 

TRADES. Edited by Joseph G. Horner, A.M. I., M.E. 

This set of five volumes contains about 2.500 pages with thousands of illustrations, 
including diagrammatic and sectional drawings with full explanatory details. This 
work covers the entire practice of Civil and Mechanical Engineering. The best known 
experts in all branches of engineering have contributed to these volumes. The Cyclo- 
pedia is admirably well adapted to the needs of the beginner and the self-taught 
practical man. as well as the mechanical engineer, designer, draftsman, shop super- 
intendent, foreman, and machinist. The work will be found a means of advancement 
to any progressive man. It is encyclopedic In scope, thorough and practical in its 
treatment on technical subjects, simple and clear in its descriptive matter, and without 
unnecessary technicalities or formula?. The articles are as brief as may be and yet 
give a reasonably clear and explicit statement of the subject, and are written by men 
who have had ample practical experience In the matters of which they write. It tells 
you all you want to know about engineering and tells it so simply, so clearly, so con- 
cisely, that one cannot help but understand. As a work of reference it is without a 
peer. $6.00 per volume. For complete set of five volumes, price • . $25.00 

WHAT IS SAID OP THIS SET OP BOOKS: 

"This new Encyclopedia Is a commendable work." — Engineering News. 

"This work is a great help to men engaged in mechanical occupations and those 
persons having need of a ready reference work." — Southern Machinery. 
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t 

THE WHOLE FIELD OF MECHANICAL MOVEMENTS 
COVERED BY MR. HISCOX'S TWO BOOKS 

We publish two books by Gardner D. Hiscox that will keep you from "inventing" things 
that have been done before, and suggest ways of doing things that you have not thought of 
before. Many a man spends time and money, pondering over some mechanical problem, 
only to learn, after he has solved the problem, that the same thing has been accomplished 
ana put in practice by others long before. Time and money spent in an effort to accom- 
plish what has already been accomplished are time and money LOST. The whole field 
of mechanics, every known mechanical movement, and practically every device is covered 
by these two books. If the thing you want has been invented, it is illustrated in them. If 
it hasn't been invented, then you'll find in them the nearest things to what you want, some 
movements or devices that will apply in your case, perhaps; or which will give you a key 
from which to work. No book or set of books ever published is of more real value to the 
Inventor, Draftsman, or practical Mechanic than the two volumes described below. 

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By Gardner D. 

Hiscox. 

This is a collection of 1 .890 engravings of different mechanical motions and appliances, 
accompanied by appropriate text, making it a book of great value to the inventor, 
the draftsman, and to all readers with mechanical tastes. The book is divided into 
eighteen sections or chapters, in which the subject-matter is classified under the follow- 
mg heads: Mechanical Powers; Transmission of Power; Measurement of Power, 
Steam Power; Air Power Appliances; Electric Power and Construction; Navigation 
and Roads; Gearing; Motion and Devices; Controlling Motion; Horological; 
Mining; Mill and Factory Appliances: Construction and Devices; Drafting Devices; 
Miscellaneous Devices, etc. 12th edition. 400 octavo pages. Price . . . $2.50 

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVELTIES 

OF CONSTRUCTION. By Gardner D. Hiscox. 

This is a supplementary volume to the one upon mechanical movements. Unlike the 
first volume, which is more elementary in character, this volume contains illustrations 
and descriptions of many combinations of motions and of mechanical devices and 
appliances found in different lines of machinery, each device being shown by a line 
drawing with a description showing its working parts and the method of operation. 
From the multitude of devices described and illustrated might be mentioned, in 
passing, such Items as conveyors and elevators, Prony brakes, thermometers, various 
types of boilers, solar engines, oil-fuel burners, condensers, evaporators. Corliss and 
other valve gears, governors, gas engines, water motors of various descriptions, air 
ships, motors and dynamos, automobile and motor bicycles, railway lock signals, 
car couplers, link and gear motions, ball bearings, breech block mechanism for heavy 
guns, and a large accumulation of others of equal importance. 1,000 specially made 
engravings. 396 octavo pages. 3rd revised edition. Price $2.50 

MACHINE-SHOP ARITHMETIC. By Colvin-Cheney. 

This is an arithmetic of the things you have to do with daily. It tells you plainly 
about: how to find areas in figures; now to find surface or volume of balls or spheres; 
handy ways for calculating; about compound gearing; cutting screw threads on any 
lathe; drilling for taps; speeds of drills; taps, emery wheels, grindstones, milling 
cutters, etc. ; all about the Metric system with conversion tables; properties of metals; 
strength of bolts and nuts; decimal equivalent of an inch. All sorts of machine-shop 
figuring and 1.001 other things, any one of which ought to be worth more than 
the price of this book to you, and it saves you the trouble of bothering the boss. 6th 
edition. 131 pages. Price 50 cents 

MODERN MACHINE-SHOP CONSTRUCTION, EQUIPMENT AND MANAGE- 
MENT. By Oscar E. Perrigo. 

The only work published that describes the Modern Shop or Manufacturing Plant 
from the time the grass Is growing on the site Intended for it until the finished product 
is shipped. Just the book needed by those contemplating the erection of modern shop . 
buildings, the rebuilding and reorganization of old ones, or the introduction of Modern 
Shop Methods, time and cost systems. It is a book written and illustrated by a prac- 
tical shop man for practical shop men who are too busy to read theories and want nets. 
It is the most complete all-round book of its kind ever published. 400 large quarto 
pages. 225 original and specially-made illustrations. Price 95.00 

MACHINE-SHOP TOOLS AND SHOP PRACTICE. By W. H. Vandervoort. 

A work of 555 pages and 673 illustrations, describing in every detail the construction, 
operation, ana manipulation of both hand and machine tools. Includes chapters 
on filing, fitting, and scraping surfaces; on drills, reamers', taps, and dies; the lathe 
and its tools; planers, shapers. and their tools; milling machines and cutters; gear 
cutters and gear cutting; drilling machines and drill work; grinding machines and 
their work; hardening and tempering; gearing, belting, and transmission machinery; 
useful data and tables. 6th edition. Price $3.00 

THE MODERN MACHINIST. By John T. Usher. 

This is a book showing, by plain description and by profuse engravings made expressly 
for the work, all that is best, most advanced, and of the highest efficiency in modern 
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machine-shop practice, tools, and implements, showing the way by which and through 
which, as Mr. Maxim says. " American machinists have become and are the finest me- 
chanics in the world. ' ' Indicating as it does , in every line, the familiarity of the author 
with every detail of daily experience in the shop it cannot fail to be of service .to any 
man practically connected with the shaping or finishing of metals. 

There is nothing experimental or visionary about the book, all devices being in actual 
use and giving good results. It might be called a compendium of shop methods, 
showing a variety of special tools and appliances which will give new ideas to many 
mechanics, from the superintendent down to the man at the bench. It will be found 
a valuable edition to any machinist's library, and should be consulted whenever a 
new or difficult job Is to be done, whether it is boring, milling, turning, or planing, 
as they are all treated In a practical manner. Fifth edition. 320 pages. 250 Illustra- 
tions. Price $8.50 

MODERN MILLING MACHINES: THEIR DESIGN, CONSTRUCTION AND 

OPERATION. By Joseph G. Horner. » 

This book describes and Illustrates the Milling Machine and Its work in such a plain, 
clear, and forceful manner, and illustrates the subject so clearly and completely that 
the up-to-date machinist, student, or mechanical engineer cannot afford to do without 
the valuable Information which It contains. It describes not only the early machines 
of this class, but notes their gradual development into the splendid machines of the 
present day, giving the design and construction of the various types, forms, and 
special features produced by prominent manufacturers, American and foreign. Milling 
cutters in all their development and modernized forms are illustrated and described, 
and the operations they are capable of producing upon different classes of work are 
carefully described In detail, and the speeds and feeds necessary are discussed, and 
valuable and useful data given for determining these usually perplexing problems. The 
book is the most comprehensive work published on the subject. 304 pages. 300 Illus- 
trations. Price 94.00 

«* SHOP KINKS." By Robert Grimshaw. 

A book of 400 pages and 222 Illustrations, being entirely different from any other 
book on machine-shop practice. Departing from conventional style, the author 
avoids universal or common shop usage and limits his work to showing special ways 
of doing things better, more cheaply and more rapidly than usual. As a result the 
advanced methods of representative establishments of the world are placed at the 
disposal of the reader. This book shows the proprietor where large savings are possible, 
and how products may be Improved. To the employee it holds out suggestions that. 

Froperly applied, will nas ten nls advancement. No shop can afford to oe without It. 
t bristles with valuable wrinkles and helpful suggestions. It will benefit all, from 
apprentice to proprietor. Every machinist, at any age, should study Its pages. Fifth 
edition. Price $8.50 

THREADS AND THREAD CUTTING. By Colvin and Stabel. 

This clears up many of the mysteries of thread-cutting, such as double and triple 
threads. Internal threads, catching threads, use of hobs, etc. Contains a lot of useful 
hints and several tables. Third edition. Price 86 cento 

TOOLS FOR MACHINISTS AND WOOD WORKERS, INCLUDING INSTRU- 
MENTS OF MEASUREMENT. By Joseph G. Horner. 

The principles upon which cutting tools for wood, metal, and other substances are made 
are identical, whether used by the machinist, the carpenter, or by any other skilled 
mechanic in: their daily work, and the object of this book Is to give a correct and 
practical description of these tools as they are commonly designed, constructed; and 
used. 340 pages, fully illustrated. Price . • . • $8.60 

MANUAL TRAINING 

ECONOMICS OF MANUAL TRAINING. By Louis Rouillion. 

The only book published that gives just the information needed by all interested hi 
Manual Training regarding Buildings, Equipment, and Supplies. Shows exactly 
what is needed for all grades of the work from the Kindergarten to the High and 
Normal School, (fives itemized lists of everything used in Manual Training Work 
and tells just what it ought to cost. Also shows where to buy supplies, etc. Contains 
174 pages, and is fully illustrated. 2d edition. Price • $1.60 

MARINE ENGINEERING 

MARINE ENGINES AND BOILERS, THEIR DESIGN AND CONSTRUCTION. 

By Dr. G. Bauer, Leslie! S. Robertson, and S. Bryan Donkin. 

In the words of Dr. Baiier, the present work owes Its origin to an oft felt want of a 
Condensed Treatise embodying the Theoretical and Practical Rules used in Designing 
Marine Engines and boilers. The need of such a work has been felt by most engineers 
engaged in the construction and working of Marine Engines, not only by the younger 
men, but also by those of greater experience. The fact that the original German 
work was written by the chief engineer of the famous Vulcan Works, Stettin, is in 
itself a guarantee tnat this book is in all respects thoroughly up-to-date, and that 
it embodies all the information which is necessary for the design and construction of 
the highest types of marine engines and boilers. It may be said that the motive power 
which Dr. Bauer has placed in the fast German liners that have been turned out 
of lute years from the Stettin Works represent the very best practice in marine engi- 
neering of the present day. 
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The work Is clearly written, thoroughly systematic, theoretically sound: while the 
character of the plans, drawings, tables, and statistics is without reproach. The 
illustrations are careful reproductions from actual working drawings, with some well- 
executed photographic views of completed engines and boilers. 744 pages. 550 illus- 
trations and numerous tables 99.00 net 

MODERN SUBMARINE CHART. 

A cross-section view, showing clearly and distinctly all the interior of a Submarine 
of the latest type. You get more information from this chart about the construction 
and operation of a submarine than in any other way. No details omitted — every- 
thing is accurate and to scale. It is absolutely correct in every detail, having been 
approved by naval engineers. All the machinery and devices fitted in a modern 
Submarine Boat are shown, and to make the engraving more readily understood 
all the features are shown in operative form, with Officers and Men In the act of per- 
forming the duties assigned to them in service conditions. THIS CHART IS RE ALL Y 
AN ENCYCLOPEDIA OP A SUBMARINE. It is educational and worth many 
times its cost. Mailed in a tube for 25 cents 

MINING 



ORE DEPOSITS, WITH A CHAPTER ON HINTS TO PROSPECTORS. By 

J. P. Johnson. 

This book gives a condensed account of the ore deposits at present known In South 
Africa. It is also intended as a guide to the prospector. Only an elementary knowl- 
edge of geology and some mining experience are necessary in order to understand this 
work. With these Qualifications, it will materially assist one in his search for metallif- 
erous mineral occurrences and. so far as simple ores are concerned, should enable one 
to form some idea of the possibilities of any he may find. 

Among the chapters given are: Titaniferous and Chromiferous Iron Oxides — Nickel- 
Copper — Cobalt — Tin — Molybdenum — Tungsten — Lead — Mercury — Antimony — Iron 
— Hints to Prospectors. $2.00 

PRACTICAL COAL MINING. By T. H. Cockin. 

An important work, containing 428 pages and 213 illustrations, complete with prac- 
tical details, which will intuitively impart to the reader not only a general knowledge 
of the principles of coal mining, but also considerable insight into allied subjects. 
The treatise fa positively up to date in every instance, and should be in the hands of 
every colliery engineer, geologist, mine operator, superintendent, foreman, and all 
others who are interested in or connected with the Industry. 2nd Edition. 98.60 

PATTERN MAKING 

PRACTICAL PATTERN MAKING. By F. W. Barrows. 

This book, now in its second edition, is a comprehensive and entirely practical treatise 
on the subject of pattern making, illustrating pattern work in both wood and metal, 
and with definite instructions on the use of plaster of parts in the trade. It gives 
specific and detailed descriptions of the materials used by pattern makers and de- 
scribes the tools; both those for the bench and the more Interesting machine tools; 
having complete chapters on the Lathe, the Circular Saw and the Band Saw. It gives 
many examples of pattern work, each one fully illustrated and explained with much 
detail. These examples, in their great variety, offer much that will be found of 
Interest to all pattern makers, and especially to the younger ones, who are seeking 
information on the more advanced branches of their trade. 

In this second edition of the work will be found much that is new, even to those who 
have long practised this exacting trade. In the description of patterns as adapted 
to the Moulding Machine many difficulties which have long prevented the rapid and 
economical production of castings are overcome; and this great, new branch of the 
trade is given much space. Stripping plate and stool plate work and the less expen- 
sive vibrator, or rapping plate work, are all explained in detail. 

Plain, everyday rules for lessening the cost of patterns, with a complete system of 
cost keeping, a detailed method of marking, applicable to all branches of the trade, 
with complete information showing what the pattern Is, Its specific title, its cost, 
date of production, material of which it is made, the number of pieces and core- 
boxes, and its location in the pattern safe, all condensed into a most complete card 
record, with cross index. 

The book closes with an original and practical method for the Inventory and valua- 
tion of patterns. Containing nearly 350 pages and 170 illustrations. Price . fS.OO 

PERFUMERY 

PERFUMES AND THEIR PREPARATION. By G. W. Askinson, Perfumer. 

A comprehensive treatise, in which there has been nothing omitted that could 
he of value to the perfumer or manufacturer of toilet preparations. Complete 
directions for making handkerchief perfume*, smelling-salts, sachets, fumigating; 
pastilles ; preparations for the care of the skin, the mouth, the hair, cosmetics, 
hair dyes, and other toilet articles are given, also a detailed description of 
aromatic substances ; their nature, tests of purity, and wholesale manufacturer, 
including a chapter on synthetic products, with formulas for their use. A book 
of general, as well as professional interest, meeting the wants not only of the 
druggist and perfume manufacturer, but also of the general public. Fourth 
edition much enlarged. .'iuO pages, illustrated. Price • • $9.00 
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PLUMBING 

MECHANICAL DRAWING FOR PLUMBERS. By R. M. Starbuck. 

A concise, comprehensive and practical treatise on the subject of mechanical drawing, 
in its various modern applications to the work of all who are in any way connected 
with the plumbing trade. Nothing will so help the plumber m estimating and in 
explaining work to customers and workmen as a knowledge of drawing, and to the 
workman it is of inestimable value if he is to rise above his position to positions of 

E eater responsibility. Among the chapters contained are: 1. Value to plumber of 
lowledge-of drawing ; tools required and their use ; common views needed in mechan- 
ical drawing. 2. Perspective versus mechanical drawing rn showing plumbing con- 
struction. ;3. Correct and incorrect methods in plumbing drawing ; plan and elevation 
explained. 4. Floor and cellar plans and elevation; scale drawings; use of triangles. 
5. Use of triangles; drawing of fittings, traps, etc. 6. Drawing plumbing elevations 
and fittings. 7. Instructions in drawing plumbing elevations. 8. The drawing of 
plumbing fixtures; scale drawings. 9. Drawings of fixtures and fittings. 10. Inking 
of drawings. 11. Shading of drawings. 12. Shading of drawings. 13. Sectional 
drawings; drawing of threads. 14. Plumbing elevations from architect's plan. 15. Ele- 
vations of separate parts of the plumbing system. Id. Elevations from the architect's 
plans. 17. Drawings of detail plumbing connections. 18. Architect's plans and plumb- 
ing elevations of residence. 19. Plumbing elevations of residence (continued); plumb- 
ing plans for cottage. 20. Plumbing elevations; roof connections. 21. Plans and 
plumbing elevations for six-flat building. 22. Drawing of various parts of the plumb- 
ing system; use of scales. 23. Use of architect's scales. 24. Special features In the- 
illustrations of country plumbing. 25. Drawing of wrought iron piping, valves, radia- 
tors, coils, etc. 26. Drawing of piping to illustrate heating systems. 150 illustrations. 
Price $1.60 

MODERN PLUMBING ILLUSTRATED. By R. M. Starbuck. 

This book represents the highest standard of plumbing work. It has been adopted 
and used as a reference book by the United States Government, in its sanitary work in 
Cuba. Porto Rico, and the Philippines, and by the principal Boards of Health of the* 
United States and Canada. 

It gives connections, sizes and working data for all fixtures and groups of fixtures. It- 
Is helpful to the master plumber in demonstrating to his customers and in figuring 
work. It gives the mechanic and student quick and easy access to the best modern. 

Slumbing practice. Suggestions for estimating plumbing construction are contained 
l Its pages. This book represents, in a word, the latest and best up-to-date practice, 
and should be in the hands of every architect, sanitary engineer and plumber who 
wishes to keep himself up to the minute on this important feature of construction. 
Contains following chapters, each illustrated with a full-page plate: Kitchen sink, 
laundry tubs, vegetable wash sink; lavatories, pantry sinks, contents of marble slabs; 
bath tub, foot and sits bath, shower bath; water closets, venting of water closets ; low- 
down water closets, water closets-operated by flush valves, water closet range ; slop sink, 
urinals, the bidet ; hotel and restaurant sink, grease trap ; refrigerators, safe wastes, laun- 
dry waste, lines of refrigerators, bar sinks, soda fountain sinks; horse stall, frost-proof 
water closets; connections for Straps, venting; connections for drum traps; soil pipe, 
connections; supporting of soil pipe; main trap and fresh air Inlet; floor drains and 
cellar drains, subsoil drainage; water closets and floor connections; local venting; 
connections for bath rooms; connections for bath rooms, continued; connections for 
bath rooms, continued; connections for bath rooms, continued; examples of poor 
practice; roughing work ready for test; testing of plumbing system; method of con- 
tinuous venting; continuous venting for two-floor work; continuous venting for two 
lines of fixtures on three or more floors ; continuous venting of water closets ; plumb- 
ing for cottage house; construction for cellar piping; plumbing for residence, use of 
special fittings; plumbing for two-fiat house; plumbing for apartment building; plumb- 
ing for double apartment building; plumbing for office building; plumbing for public 
toilet rooms; plumbing for public toilet rooms, continued; plumbing for bath estab- 
lishment; plumbing for engine house, factory plumbing; automatic flushing for 
schools, factories, etc.; use of flushing valves; urinals for public toilet rooms: the- 
Durham system, the destruction of pipes by electrolysis; construction of work without 
use of lead ; automatic sewage lift; automatic sump tank ; country plumbing : construc- 
tion of cesspools; septic tank and automatic sewage siphon; country plumbing; water 
supply for country house; thawing of water mains and service by electricity; double 
boilers; hot water supply of large buildings; automatic control of not water tank: sug- 
gestion for estimating plumbing construction. 400 octavo pages, fully Illustrated by 
15 full-page engravings. Price $4.00 

STANDARD PRACTICAL PLUMBING. By R. M. Starbuck. 

A complete practical treatise of 460 pages covering the subject of Modern Plumbing 
In all its branches, a large amount of space being devoted to a very- complete and 
practical treatment of the subject of Hot Water Supply and Circulation and Range* 
Boiler Work. Its thirty chapters include about every phase of the subject one can 
think of, makin g it an indispensable work to the master plumber, the Journeyman 
plumber, and the apprentice plumber, containing chapters on: the plumber's tools; 
wiping solder,. composition and use; Joint wiping; lead work; traps; siphonage of 
traps; venting; continuous venting; house sewer and sewer connections; house drain: 
soif piping, roughing; main trap and fresh air Inlet: floor, yard, cellar drains, rala 
leaders, etc.j fixture wastes; water closets; ventilation; Improved plumbing conneo- 
" J •--•"------" * * - - - - stables, etc.; 

hot and cold 

M . _ . . « ,-.- — . ~ problems: hot 

water for large buildings; water lift and its use: multiple connections for hot water 
pollers; heating of radiation by supply system; theory for the plumber; drawing for 
the plumber. Fully illustrated by 347 engravings. Price $8.00 
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RECIPE BOOK 

HENLEY'S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND 
PROCESSES. Edited by Gardner D. Hiscox. 

The most valuable Techno-chemical Formulae Book published, including over 10,000 
selected scientific, chemical, technological, and practical recipes and processes. 

This is the most complete Book of Formulas ever published, giving thousands of 
recipes for the manufacture of valuable articles for everyday use. Hints. Helps. 
Practical Ideas, and Secret Processes are revealed within ityj pages. It covers every 
branch of the useful arts and tells thousands of ways of making money, and is just the 
book everyone should have at his command. 

Modern in its treatment of every subject that properly falls within its scope, the book 
may truthfully be said to present the very latest formulas to be found in the arts and 
industries, and to retain those processes which long experience has proven worthy of a 
permanent record. To present here even a limited number of the subjects which find 
a place in this valuable work would be difficult. Suffice to say that In its pages will 
be found matter of intense interest and immeasurably practical value to the scientific 
amateur and to him who wishes to obtain a knowledge of the many processes used In 
the arts, trades and manufactures, a knowledge which will render his pursuits more 
instructive and remunerative. Serving as a reference book to the small and large 
manufacturer and supplying intelligent seekers with the information necessary to 
conduct a process, the work will be found of inestimable worth to the Metallurgist, the 
Photographer, the Perfumer, the Painter, the Manufacturer of Glues, Pastes. Cements, 
and Nfucilages. the Compounder of Alloys, the Cook, the Physician, the Druggist, the 
Electrician, the Brewer, the Engineer, the Foundry man. the Machinist, the Potter, the 
Tanner, the Confectioner, the Chiropodist, the Manicure, the Manufacturer of Chem- 
ical Novelties and Toilet Preparations, the Dyer, the Electroplater, the Enameler. the 
Engraver, the Provisioner, the Glass Worker, the Goldbeater, the Watchmaker, the 
Jeweler, the Hat Maker, the Ink Manufacturer, the Optician, the Farmer, the Dairy- 
man, the Paper Maker, the Wood and Metal Worker, the Chandler and Soap Maker, 
the Veterinary Surgeon, and the Technologist in general. 

A mine of information, and up-to-date in every respect. A book which will prove of 
value to EVERYONE, as it covers every branch of the Useful Arts. Every home 
Beeds this book ; every office, every factory, every store, every public and private en- 
terprise — EVERYWHERE — should have a copy. 800 pages. Price . . » $8.0O 
iSee page SI for full description of book.) 

WHAT IS SAID OF THIS BOOK: 

•'Your Twentieth Century Book of Recipes. Formulas and Processes duly received. 
I am glad to have a copy of it. and if I could not replace it, money couldn't buy it. It 
is the best thing of the sort I ever saw." (Signed) M. E. Trux. 

Sparta, Wis. 
"There are few persons who would not be able to find in the book some single formula 
that would repay several times the cost of the book."— Merchants' Record and Show 
Window, 

RUBBER 

RUBBER HAND STAMPS AND THE MANIPULATION OF INDIA RUBBER. 

By T. 0'Conor Sloane. 

This book gives full details on all points, treating in a concise and simple manner the 
elements of nearly everything it is necessary to understand for a commencement in 
any branch of the India Rubber Manufacture. The making of all kinds of Rubber 
Hand Stamps, Small Articles of India Rubber. U. S. Government Composition. Dating 
Hand Stamps, the Manipulation of Sheet Rubber, Toy Balloons. India Rubber Solu- 
tions. Cements, Blackings, Renovating Varnish, and Treatment for India Rubber 
.Shoes, etc.: the Hektograph Stamp Inks, and Miscellaneous Notes, with a Short 
Account of the Discovery, Collection and Manufacture of India Rubber are seli forth 
in a manner designed to be readily understood, the explanations being plain and simple. 
Including a chapter on Rubber Tire Making and Vulcanizing; also a chapter on the 
uses of rubber in Surgery and Dentistry. Third revised and enlarged edition. 175 
pages. Illustrated . $1.00 
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SAW FILING AND MANAGEMENT OF SAWS. By Robert Grimshaw. 

A practical hand-book on filing, gumming, swaging, hammering, and the brazing of 
band saws, the speed, work, and power to run circular saws. etc. A handy book for 
those who have charge of saws, or for those mechanics who do their own filing, as it deals 
with the proper shape and pitches of saw teeth of all kinds and gives many useful hints 
. and rules for gumming, setting, and filing, and is a practical aid to those who use saws 
for any purpose. Complete tables of proper shape, pitch and saw teeth as well as 
sizes and number of teeth of various saws are included. Third edition, revise'! and 
enlarged. Illustrated. Price $1.00 
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STEAM ENGINEERING 

AMERICAN STATIONARY ENGINEERING. By W. E. Crane. 

This book begins at the boiler room and takes in the whole power plant. A plain 
talk on every-day work about engines, boilers, and their accessories. It is not intended 
to be scientific or mathematical. All formulas are in simple form so that any one 
understanding plain arithmetic can readily understand any of them. The author 
has made this the most practical book in print; has given the results of his years of 
experience, and has included about all that has to do with an engine room or a power 
plant. You are not left to guess at a single point. You are shown clearly what to 
expect under the various conditions; how to secure the best results; ways of prevent- 
ing "shut downs" and repairs; in short, all that goes to make up the requirements 
of a good engineer, capable of taking charge of a plant. It's plain enough for practical 
men and yet of value to those high in the profession. 

A partial list of contents is: The boiler room, cleaning boilers, firing, feeding; pumps, 
inspection and repair; chimneys, sizes and cost; piping; mason work; foundations; 
testing cement; pile driving; engines, slow and- high speed; valves; valve setting; 
Corliss engines, setting valves, single and double eccentric; air pumps and condensers; 
different types of condensers; water needed: lining up; pounds; pins not square in 
crosshead or crank; engineers' tools; pistons and piston rings; bearing metal: hard- 
ened copper; drip pipes from cylinder jackets; belts, how made, care of ; oils; greases; 
testing lubricants: rules and tables, including steam tables; areas of segments; 
squares and square root; cubes and cube root; areas and circumferences of circles. 
Notes on: Brick work; explosions; pumps; pump valves; heaters, economizers; 
safety valves; lap, lead, ana clearance. Has a complete examination for a license, 
etc., etc. Second edition. 285 pages. Illustrated. Price 92.00 

EMINENT ENGINEERS. By Dwight Goddard. 

Everyone who appreciates the effect of such great inventions as the Steam Engine, 
Steamboat. Locomotive. Sewing Machine, Steel Working, and other fundamental 
discoveries, is interested in knowing a little about the men who made them and their 
achievements. 

Mr. Goddard* has selected thirty-two of the world's engineers who have contributed 
most largely to the advancement of our civilization by mechanical means, giving only 
such facts as are of general interest and in a way which appeals to all, whether 
mechanics or not. 280 pages. 35 illustrations. Price $1.60 

ENGINE RUNNER'S CATECHISM. By Robert Grimshaw. 

A practical treatise for the stationary engineer, telling how to erect, adjust and run 
the principal steam engines in use in the United States. Describing the principal 
features of various special and well-known makes of engines: Temper Cut-off, Shipping 
and Receiving Foundations. Erecting and Starting. Valve Setting. Care and Use, 
Emergencies, Erecting and Adjusting Special Engines. 

The questions asked throughout the catechism are plain and to the point, and the 
answers are given in such simple language as to be readily understood by anyone. All 
the instructions given are complete and up-to-date: and they are written in a popular 
style, without any technicalities or mathematical formulae. The work is of a handy 
size for the pocket, clearly and well printed, nicely bound, and profusely illustrated. 
To young engineers this catechism will be of great value, especially to those who may 
be preparing to go forward to be examined for certificates of competency; and to 
engineers generally It will be of no little service, as they will And in this volume more 
really practical and useful information than is to be found anywhere else within a like 
compass. 387 pages. Seventh edition. Price $2.00 

ENGINE TESTS AND BOILER EFFICIENCIES. By J. Btjchtstti. 

This work fully describes and illustrates the method of testing the power of steam 
engines, turbines and explosive motors. The properties of steam and the evaporative 
power of fuels. Combustion of fuel and chimney draft; with formulas explained or 
practically computed. 255 pages, 179 illustrations $8.00 

HORSEPOWER CHART. 

Shows the horsepower of any stationary engine without calculation. No matter what 
the cylinder diameter of stroke, the steam pressure or cut off, the revolutions, or 
whether condensing or non-condensing, it's all there. Easy to use. accurate, and 
saves time and calculations. Especially useful to engineers and designers. 50 cents 

MODERN STEAM ENGINEERING IN THEORY AND PRACTICE. By Gardner 

D. Hiscox. 

This is a complete and practical work issued for Stationary Engineers and Firemen, 
dealing with the care and management of boilers, engines, pumps, superheated steam, 
refrigerating machinery, dynamos, motors, elevators, air compressors, and all otner 
branches with which the modern engineer must be familiar. Nearly 200 questions with 
their answers on steam and electrical engineering, likely to be asked by the Examin- 
ing Board, are Included. 

Among the chapters are: Historical; steam and its properties; appliances for the 
generation of steam; types of boilers; chimney and its work; heat economy of the 
feed water: steam pumps and their work; incrustation and its work; steam abovo 
atmospheric pressure; flow of steam from nozzles; superheated steam and its work; 
adiabatic expansion of steam : indicator and its work: steam engine proportions: slide 
valve engines and valve motion; Corliss engine and its valve gear; compound engin* 
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and Its theory; triple and multiple expansion engine; steam turbine; refrigeration; 
elevators and their management; cost of power; steam engine troubles; electric 
power and electric plants. 487 pages. 405 engravings. 3d Edition. Price . $3.0O 

STEAM ENGINE CATECHISM. By Robert Grimshaw. 

This unique volume of 413 pages is not only a catechism on the question and answer 
principle, but it contains formulas and worked-out answers for all the Steam problems 
that appertain to the operation and management of the Steam Engine. Illustrations 
of various valves and valve gear with their principles of operation are given. Thirty- 
four Tables that are indispensable to every engineer and fireman that wishes to be 
progressive and is ambitious to become master of his calling are within its pages. It is 
a most valuable instructor in the service of Steam Engineering. Leading engineers 
have recommended it as a valuable educator for the beginner as well as a reference book 
for the engineer. It is thoroughly indexed for every detail. Every essential question 
on the Steam Engine with its answer is contained in this valuable work. Sixteenth 
edition. Price $2.0O 

STEAM ENGINEER'S ARITHMETIC. By Colvtn-Chenet. 

A practical pocket-book for the steam engineer. Shows how to work the problems of 
the engine room and shows "why." Tells how to figure horsepower of engines and 
boilers; area of boilers; has tables of areas and circumferences; steam tables: has a 
dictionary of engineering terms. Puts you on to all of the little kinks in figuring what- 
ever there is to figure around a power plant. Tells you about the heat unit; absolute 
zero; adiabatic expansion; duty of engines; factor of safety ; and 1,001 other things; 
and everything is plain and simple — not the hardest way to figure, but the easiest. 
Second Edition 50 cents 

STEAM HEATING AND VENTILATION 

PRACTICAL STEAM, HOT-WATER HEATING AND VENTILATION. By 

A. G. Kino. 

This book is the standard and latest work published on the subject and has been pre- 
pared for the use of all engaged in the business of steam, hot water heating, and ventila- 
tion. It is an original and exhaustive work. Tells how to get heating contracts, how 
to install heating and ventilating apparatus, the best business methods to be used, 
with "Tricks of the Trade" for shop use. Rules and data for estimating radiation 
and cost and such tables and information as make it an indispensable work for every- 
one interested in steam, hot water heating, and ventilation. It describes all the principal 
systems of steam, hot water, vacuum, vapor, and vacuum-vapor heating, together 
with the new accelerated systems of hot water circulation, including chapters on 
up-to-date methods of ventilation and the fan or blower system of heating and ventila- 
tion. Containing chapters on: I. Introduction. II. Heat. III. Evolution of 
artificial heating apparatus. IV. Boiler surface and settings. V. The chimney flue. 
VI. Pipe and fittings. VII. Valves, various kinds. \ III. Forms of radiating 
surfaces. IX. Locating of radiating surfaces. X. Estimating radiation. XI. Steam 
heating apparatus. XII. Exhaust-steam heating. XIII. Hot-water heating. XIV. 
Pressure systems of hot- water work. XV. Hot- water appliances. XVI. Greenhouse 
heating. XVII. Vacuum vapor and vacuum exhaust heating. XVIII. Miscella- 
neous heating. XIX. Radiator and pipe connections. XX. Ventilation. XXI. 
Mechanical ventilation and hot-blast neating. XXII. Steam appliances. XXIII. 
District heating. XXIV. Pipe and boiler covering. XXV. Temperature regulation 
and heat control. XXVI. Business methods. XXVII. Miscellaneous. XXVIII. 
Rules, tables and useful information. 367 pages. 300 detailed engravings. Second 
Edition — Revised. Price $3.0O 

STEAM PIPES 

STEAM PIPES: THEIR DESIGN AND CONSTRUCTION. By Wm. H. Booth. 

The work is well illustrated in regard to pipe joints, expansion offsets, flexible joints, 
and self-contained sliding joints for taking up the expansion of long pipes. In fact, 
the chapters on the flow of steam and expansion of pipes are most valuable to all 
steam fitters and users. The pressure strength of pipes and method of hanging them 
are well treated and illustrated. Valves and by-passes are fully illustrated and 
described, as are also flange joints and their proper proportions, exhaust heads and 
separators. One of the most valuable chapters is that on superheated steam and 
the saving of steam by insulation with the various kinds of felting and other mate- 
rials with comparison tables of the loss of heat In thermal units from naked and felted. 
| steam pipes. Contains 187 pages. Price $2.0O 

STEEL 



STEEL: ITS SELECTION, ANNEALING, HARDENING AND TEMPERING. 

By E. R. Markham. 

This work was formerly known as **The American Steel Worker," but on the pub- 
lication of the new, revised edition, the publishers deemed it advisable to change its 
title to a more suitable one. It is the standard work on Hardening, Tempering, 
and Annealing Steel of all kinds. 

This book tells how to select, and how to work, temper, harden, and anneal steel for 
everything on earth. It doesn't tell how to temper one class of tools and then leave 
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4th EDITION, REVISED AND ENLARGE* 



STEEL 

ITS SELECTION, ANNEALING, HARDENING 

AND TEMPERING 



By E. R. MARKHAM 



168 Specially Prepared 
Illustrations 



400 Pages 



PRICE 92 .SO 

THIS work was formally known as "TRE AMERICAN STEEI, WORKER " but on the publication 
of the present edition, the publishers deemed it advisable to change the title to a more 
comprehensive one, vis : "8teel, Its Selection, Annealing, Hardening and Tempering'*. 

This book tells how to select and to know the steel best suited to various 
purposes; gives reasons for the different steels; how to heat In the making of 
everything In the way of tools made from steel; how to proceed In the making of 
taps, reamers, drills and milling cutters; how to harden dies and punches from 
the largest to the smallest; about the tempering of springs, from watch springs 
up; about saws, chisels, and other wood-working tools; about pack and case 
hardening; how to anneal; about heating apparatus, the kinds to use for the best 
results, and how to make such heating apparatus right at home If It becomes 
necessary ; gives formulas for mixtures for baths for different purposes, and gives 
good reasons why each Is best adapted to Its special work. In fact, there Isn't 'a 
thing that a steel worker would want to know that Isn't Included within Its pages. 



A . _ Mr « Markham has been selecting, annealing, hardening, tempering and studying steel for nearly 
thirty years and is still at it. There's a reason for every failure you have— and a remedy. You'll find 
them both in this book ; and it will be mighty handy to have a copy to look over when something goea 
wrong and you want to get it going right without any delay. 

There are new Sections on High Speed Steels, High Carbon Steel, Electric and Salt Bath Furnaces 
and Ovens. This makes the book more valuable than ever. A copy ought to be in the hands of every 
wide awake mechanic and in every shop library in the country— and it will be when its value is fully 
realised. It* pages are full of practical information that you cannot find elsewhere. 

AMONQ SO/IE OP THE SUBJECTS TREATED ARE 

The Workman— Steel— Methods of Heating— Heating Tool Steel— Forging— Annealing— Hardening Baths-* 
Baths for Hardening— Hardening Steel— Drawing the Temper after Hardening— Examples of 
Hardening— Pack Hardening— Case Hardening— Spring Tempering— Making Tools 
of Machine Steel— Special Steels— Steel for Various Tools— Cases of 
Trouble— Welding— High Speed Steels— High Carbon Steel- 
Electric and Salt Bath Furnaces and Ovens. 



WHAT IS SAID OP THIS BOOK 



4* ' 



We are glad to note the appearance of this excellent book. No tool maker or steel worker can make 
S mistake in buying a copy of this publication."— American Machinist. 

"Contains 400 pages of solid information."— American Blacksmith, 

"Every Machine Shop Superintendent and Tool-Room Foreman ought to possess a copy of this 
valuable book, and engineers in charge can save their firms money by circulating it in their workshops 
where fine steel tools are made."— The Canadian Engineer. 
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the treatment of another kind of tool to your imagination and judgment, but it gives 
careful instructions for every detail of every tool, whether it be a tap. a reamer or just 
a screw-driver. It tells about the tempering of small watch springs, the hardening of 
cutlery, and the annealing of dies. In fact there isn't a thing that a steel worker 
would want to know that isn't included. It is the standard book on selecting, harden- 
ing, and tempering all grades of steel. Among the chapter headings might be mentioned 
the following subjects: Introduction; the workman; steel; methods of heating; 
heating tool steel; forging; annealing; hardening baths; baths for hardening; harden- 
ing steel; drawing the temper after hardening; examples of hardening; pack harden- 
ing; case hardening; spring tempering; making tools of machine steel; special steels; 
steel for various tools; causes of trouble; high speed steels, etc. 400 pages. Very 
fully illustrated. Fourth Edition. Price $2.60 

HARDENING, TEMPERING, ANNEALING, AND FORGING OF STEEL. By 

J. V. WOODWORTH. 

A new work treating in a clear, concise manner all modern process** for the heating, 
annealing, forging, welding, hardening, and tempering of steel, making it a book of great 
practicalvalue to the metal-working mechanic in general, with speciu directions for the 
successful hardening and tempering of all steel tools used in the arts, including mining 
cutters, taps, thread dies, reamers, both solid and shell, hollow mills, punches and dies, 
and all kinds of sheet metal working tools, shear blades, saws, fine cutlery, and metal 
cutting tools of all description, as well as for all implements of steel both large and 
small. In this work the simplest and most satisfactory hardening and tempering 
processes are given. 

The uses to which the leading brands of steel may be adapted are concisely presented, 
and their treatment for working under different conditions explained, also the special 
methods for the hardening and tempering of special brands. 

A chapter devoted to the different processes for Case-hardening is also included, and 
special reference made to the adoption of machinery steel for tools of various kinds. 
Fourth Edition. 288 pages. 2ui illustrations. Price $2.60 

TRACTORS 

THE MODERN GAS TRACTOR. By Victor W. Page. 

A complete treatise describing all types and sizes of gasoline, kerosene and oil tractors. 
Considers design and construction exhaustively, gives complete instructions for care, 
operation and repair, outlines all practical applications on the road and in the field. 
The best and latest work on farm tractors and tractor power plants. A work needed 
by farmers, students, blacksmiths, mechanics, salesmen, implement dealers, designers 
and engineers. 500 pages. Nearly 300 illustrations and folding plates. Price 9200 

TURBINES 

MARINE STEAM TURBINES. By Dr. G. Bauer and 0. Labche. Assisted by 

E. Ludwig and H. Vogel. Translated from the German and edited by M. 

G. S. Swallow. 

This work forms a supplementary volume to the book entitled "Marine Engines and 
Boilers." The authors of this book, Dr. G. Bauer and O. Lasche, may be regarded 
as the leading authorities on turbine construction. 

The book is essentially practical and discusses turbines in which the full expansion of 
steam passes through a number of separate turbines arranged for driving two or more 
Bhafts, as in the Parsons system, and turbines in which the complete expansion of 
steam from inlet to exhaust pressure occurs in a turbine on one shaft, as in the case of 
t he Curtis machines. It will enable a designer to carry out all the ordinary calculation 
necessary for the construction of steam turbines, hence it fills a want which is hardly 
met by larger and more theoretical works. 

Numerous tables, curves and diagrams will be found, which explain with remarkable 
lucidity the reason why turbine blades are designed as they are, the course which 
steam takes through turbines of various types, the thermodynamics of steam turbine 
calculation , the influence of vacuum on steam consumption of steam turbines, etc. In 
a word, the very information which a designer and builder of steam turbines most 
requires. The book is divided into parts as follows: 1. Introduction. 2. General 
remarks on the design of a turbine installation. 3. The calculation of steam turbines. 
4. Turbine design. 5. Shafting and propellers. 6. Condensing plant. 7. Arrange- 
ment of turbines. 8. General remarks on the arrangement of steam turbines in 
steamers. 9. Turbine-driven auxiliaries. 10. Tables. Large octavo. 214 pages. Fully 
illustrated and containing 18 tables. Including an entropy chart. Price, net . $3.50 

WATCHMAKING 



WATCHMAKERS' HANDBOOK. By Claudius Saunier. 

This famous work has now reached its seventh edition, and there is no work issued that 
can compare to it for clearness and completeness. It contains 498 pages and is intend- 
ed as a workshop companion for those engaged in Watchmaking and allied Mechan- 
ical Arts. Nearly 250 engravings and fourteen plates are included. Price . $3.00 
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THE MODERN 

GAS TRACTOR 

By VICTOR W. PAGfi, M. E. 

Author of "The Modern Gasoline Automobile." Etc 

A COMPLETE TREATISE DESCRIBING ALL TYPES AND SIZES OF GASOLINE, 
KEROSENE AND OIL TRACTORS. CONSIDERS DESIGN AND CONSTRUCTION 
EXHAUSTIVELY, GIVES COMPLETE INSTRUCTIONS FOR CARE, OPERATION 
AND REPAIR, OUTLINES ALL PRACTICAL APPLICATIONS ON THE ROAD 
AND IN THE FIELD. THE BEST AND LATEST WORK ON FARM TRACTORS 
AND TRACTOR POWER PLANTS. 

480 PAGES -THREE FOLDING PLATES— 204 ILLUSTRATIONS 

PRICE - - $2.00 

A modern exposition in the language of the Held showing and describing 
every recent improvement in tractors and auxiliary appliances. All money 
making farms use power. Learn how to apply it now. 

, This work is written by a recognized authority on self-propelled vehicles and internal combustion 
motors. Everything is explained so simply that anyone of average intelligence may obtain a compre- 
hensive knowledge of gas tractor operation, maintenance and repair. Tells how they are constructed 
and explains fully the reasons for varying designs. Contains special chapters on driving the tractor on 
field and road, what to expect from tractors in various kinds of work, cost of operation and money- 
making hints on repairs. It describes all ignition systems, all types of gasoline and kerosene vapori- 
zers and carburetors, latest forms of power plants and installation, clutches, speed changing and revers- 
ing gears and all frame parts and their functions. Tells how to tell brake horsepower from draw bar 
or horse equivalent power, how to make adjustments to power plants, change speed gearing and other 
parts. Describes tools for tractor repair and gives plans for tractor sheds so they can be used In winter 
for stationary power or workshops where all repairs may be made. Outlines control systems of leading 
types and shows simple hitches for working various implements in combination. Describes fully trac- 
tors for small farms and orchards as well aa types of the largest capacity. All Illustrations are plainly 
marked with all important parts indicated so they may be easily identified- Drawings are simple but 
in correct proportion. Every illustration has been specially made for this book. 

ALL FARMERS, STUDENTS, BLACKSMITHS, MECHANICS, SALESMEN, IM- 
PLEMENT DEALERS, DESIGNERS AND ENGINEERS NEED THIS WORK 

Written in language understood by alL No technical terms. 

COVERS EVERT PHASE OF 1914 TRACTOR ENGINEERING PRACTICE AND 
IS SUPERIOR TO ANT TREATISE HERETOFORE PUBLISHED 



THE GREATEST BOOK EVER OFFERED TO THE HIBUCI 

NEW REVISED EDITION 

Henley's Twentieth Century Book of 

RECIPES, FORMULAS 

AND PROCESSES 

Edited by GARDNER 0. HISCOX, M. E. 

Price (3.00 Hmiim Cloth Binding $4.00 Half Mirtcci INmc 

800 UrfB Odin (B i ty) PAGES 

Containi over 10,000 Selected Processes, Fonmdu and Practical Recipes, 
Including hundred* of to-called Trade Secrete for every business 

how to make: money 

This new book of processes and formulas is the latest and greatest 
compilation of the kind ever published. It is a standard work— an authority — 
a "first aid"— and a "court of last resort " on " What to Make and How to 
Mak.lt." 

It contains more than 10,000 practical recipes and formulas for everyday 
use in business, at home or in the factory. Everything you want to make — 
Antiseptics, Waterproofing, Lubricants, Rust Preventives, Dyes, Filters, 
Cleaning Preparations, Enameling, Beverages, Inks, Adhesives, Polishes, 
Disinfectants, Flavorings, Cosmetics, Ceramics, etc, etc Photography is 
treated in all of its various branches, as are also Plating, Painting, Leather 
Work, etc Tests for Food Adulterants are fully covered ; how to make fly 
paper ; to color flowers artifically ; to estimate weight of ice by measurement ; 
to make materials fireproof; to work with metals — aluminum, brass, etc.; to 
make anything and everything, from A to Z. 

There is not a home, office, factory, or place of business of any kind that 
does not actually need this book. It is a money saver and a moneymaker; it ap- 
peals to the young as well as to the old. Great business enterprises all owe their 
success to the manufacture or sale of some simple invention or compound- 
usually the result of an experiment at home. With this latest book of practical 
formulas the boy of to-day has 8 far better opportunity than his fattier — and 
the mother and sisters can develop an industry of their own that will produce 
a comfortable income. 

We live in the most progressive country on the face of the earth. We owe 
it to ourselves to advance— to learn — to progress. We can't afford to stand 
still. Then learn more, so you can earn more. Profit by the knowledge that 
has made others successful. Now is the time — you can't learn younger. Get 
this book at once. 

Copies of this book sent prepaid to any address on receipt of price. 

THE NORMAN W. HENLEY PUBLISHING CO., 

131 NASSAU STREET. - NEW YORK. 
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Jl'ST PUBLISHED IPIg RBVI SEP EDITION 

How to Run and Install Two and 
Four-Cycle Marine 

Gasoline Engines 

By C. VON CUL1N 

100 Pates Price 25 Cents Fu"y illustrated 



1915 REVISED AND ENLARGED EDITION 

Tin- ohjcrt «t the author nf m* hook la to furnish a uocket Iii-t 
the iieginner or the i.usy man who uses a murine iiiyinc for pleasure or ; 
who doe* not have Tin- (tun- or Inclination for a more complete technical I) 
Instructions Blvcn hit umi>'.e !■> c.i.i.le rniv [.i-rsiin to properly inslall, mi 
operate hi- own marine ouine. 

Among Some of the Subjects Treated Are: ' 

Avoid Trouhle (Jaaketa Hiitamkortf Coll 

Hack-Firing llrlnillug In Valve*. Cycle Sjmrk Coils 

iimllj Flooded KiiRlne llurd to Turn Over Spark Plug 

(latteries Horse Power Spark Plugs 



AiiJustW Citron r'eier Ignition 



Imperfect Eihaust 
'ump Hm* "-■' 

Ullip S|M 



Testing Jump Spark 
Til rev-Port T»-'HJflf 



Jump Spark Toil Engine 

'■■.nip Spark Engine Timing the Spark 

liark Plug Trouhrea 

liark Tinier Two-Cycle Engine 



Make anil Break Uncint 

Misfire, Four-Cycle 
Misfire, Make an. I Ureal 



Two-Port 

Valves 



The Norman W. Henley Publishing: Co. 

132 Nassau Street, New York 



1*15 E PIT ION JUST PUBLISHED 

Gas, Gasoline 

AND 

Oil Engines 

By GARDNER D. HISCOX, M. E. 
Enlarged and Brought Up to Date By VICTOR W. PAGE, M. E-, 

Author of "The Modern Gasoline Automobile," Etc. 

640 PAGES— WITH FOLDING PLATES— 135 ILLUSTRATIONS 

PRICE $2.50 NET 

The 1915 Revised, Enlarged and Entirely New Edition of 
this Standard Work, Considers Exhaustively All Types of 
Stationary, Marine, Motor Vehicles and Aerial Power Plants 

The mechanic, gn» engine operator or salesman must have a practical knowl- 
edge of the gas engine In order to Im-ri'isi' his value to Ills employer. ThlK work, 
written primarily fur this large class, contains matter of vital Interest. It shows 

all the latest develop nts. .'inii is the Diesel engine In the stationary power flelil. 

the Knight sliding sleeve automobile tor ami the linome rotating cylinder aero- 

lilane motor. It details all the practical Ignition systems and methods. Including 
tlie hot tube anil hut Itulb (or stationary engines and nil forms of high Bud tow 
tension electrical ignition groups. It shows high and low tension magnetos. 
describes bitter? forms. Induction .(,11 construction and all kllule of wiring diagrams 
fur stationary, murine or unto motors. It defines all tlie liquid fuels and their 
properties, shows how to adjust and use all tyiies of gasoline and kcn«ene carbur- 
etors. All leading producer gas plants are described and Illustrated. Pull Instruc- 
tions are given for valve and spark limine, nil kinds of valves and operating mech- 
anisms an- discussed. 1'iartl.Nil Instruction* are given for making all kinds of 
engine power testa and latent forma of tenting apparatua are described. The rules 
regulating gas, gasoline and oil engine Installation are given in full, also a com- 
plete chapter on engine, management. The application nf the gasoline engine to the 
automobile, motorcycle, aeroplane, muter boat, gas tractor, and In farm use Is 
fully described. The requirements of motors for these uses, their peculiarities. 
c, instructional details null act mil Installation are also considered. Many practical 
rules ami easily worked out formula- relating to engine power determination . 
design of parts, etc.. are given ttiat can be used by those without technical knowledge. 



The Norman W. Henley Publishing Co. 

132 Nassau Street, New York 
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The Gasoline Engine onthe Farm 

Its Operation, Repair and Uses 



527 Pages 



By XENO W. PUTNAM 



Price $2.00 



179 Engravings 



This is a practical treatise on the Gasoline and Kerosene Engine intended for 
the man who wants to know just how to manage his engine and how to apply it 
to all kinds of farm work to the best advantage. 

There is ho much of value in this book, that 
It is impossible to adequately describe it in such 
small space. Suffice to say that it is the kind of 
a book every farmer will appreciate and every 
farm home ought to have. Includes selecting the 
most suitable engine for farm work, its most convenient 
and efficient installation, with chapters on troubles, their 
remedies, and how to avoid them. The care and man- 
agement of the farm tractor in plowing, harrowing, har- 
vesting and road grading are fully covered ; also plain 
directions are given for handling the tractor on the road. 
Special attention is given to relieving farm life of its 
drudgery by applying power to the disagreeable small 
tasks which must otherwise be done by hand. Many 
homemade contrivances for cutting wood, supplying 
kitchen, garden, and barn with water, loading, hauling 
and unloading bay, delivering grain to the bins or the 
feed trough are included ; also full directions for making the engine milk the cows, 
churn, wash, sweep the house and clean the windows, etc. Very fully illustrated 
with drawings of working parts and cuts showing Stationary, Portable, and Tractor 
Kngtnes doing all kinds of farm work. 

WHAT IS SAID OF THIS BOOK: 




A valuable book and one to be largely read. — Farm and Ranch. 

The book is w»»ll worth the price to anyone using a gasoline engine on his 
farra.-WVwf Virginia Farmer and Grange Advocate. 



The Norman W. Henley Publishing Co. 



132 Nassau Street, New York 



MOTORCYCLES, SIDE CARS 
AND CYCLECARS 

Their Construction, Management and Repair 

Br VICTOR W. PACE. M. E. 

Author or 'The Modern li isolate Automobile." Etc.. Et- 

Containa our 350 ipecially inula iUiutratisnt showina the ttiwl 

valuable seriea of dixlui. perUiaina lo motorcycle 

deuen and CDnatmctioB war published. 

550 Pages PRICE S1.50 5 Folding Plates 



•II leading trpu of Machinal, their Duim. Construction, Maintenance. Operation and Repair. 

Tills treatise traces the motorcycle from Its earliest forms to the approved modeU of 
!hc present day. It outlines fully the operation ul uro ami four rvcl* power plant* and 

all ignition, ciirburi'ilmi uikI luhi-inuioii -vsi.tiis in dct nil. Describe nil rr preventative, 
ly pi's of free engine clutches, variable speed gears and power transmission system.*. 
IJIvob complete instruction* for operating and repairing all types. Considers fully elec- 
tric self-starting and lighting systems, all types of spring frames and spring forks and 
shows leading control methods. 

The prospective purchaser and novice rider will find the deacriplioo* of 
various engines and auxiliary lyitem* easy to understand ; the repair hint*, 
suggestions for locating troubles and operating instructions invaluable. 

The Dealer, Mechanic and Expert Rider will find this treatise a work of 
reference without an equal. 

For those desiring technical Information a complete series of tablee and many form- 
ulas to assist In designing are Included. The work tells how to Jlgure power needed to 
climb grades, overcome air resistance and attain high speeds. It shows how to select 
gear ratios for various weights and powers, how to figure braking efficiency required. 
given nigra of belts and chains to transmit power safely and shows now to design sort .di- 
ets, belt pulleys, etc. This work also Includes complete formulas for figuring horan- 
power. shows how dynamometer tests are made, defines relative efficiency ot air and 
water cooled engines, plain and anll-frtciion hearings and much other data of a practi- 
cal, helpful engineering nature. Remember that you get this Information In addition 
to the practical description and instructions which alone are worth several tinny the 
price of the book. 

THE CHAPTERS ON CYCLECARS GIVE ALL THE INFORMATION NEEIKD 

TO UNDERSTAND THE CONSTRICTION AND OPERATION OF 

THIS LATEST DEVELOPMENT IN THE FIELD 

OF SELF-PROPELLED VEHICLES. 



The Norman W. Henley Publishing Co. 

132 Nassau Street. New York. 
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book may be kept 

FOURTEEN DAYS 



A fine of TWO CENTS will be charged 
for each day the book is kept overtime. 
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